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SECTION 1 

INTRODUCTION 

This document is one of a series of Defense Nuclear Agency (DNA) publica- 
tions on Transient Radiation Effects on Electronics (TREE). Its purpose is to 
bring together, in one volume, quantitative data which characterize simulation 
facilities suitable for TREE experimental studies. 

This is the second revision of TREE Simulation Facilities. This revision 
consists of updating of facility descriptions, adding new facilities, expanding 
the descriptions where more data are available, and deleting the descriptions of 
facilities which have become inactive. 

Data were obtained by corresponding with personnel at the individual facili- 
ties. Requests were made for information that would quantitatively characterize 
the simulation environment generated. The degrees of effort and concern of the 
personnel at the facilities to generate and document quantitative characterizing 
data varied. In the acceptance and interpretation of data, it should be kept in 
mind that uncertainties exist in measurement techniques even though they are not 
pointed out or explicitly acknowledged. Every effort has been made to faithfully 
and accurately present the characterizing data as submitted. 

Facilities characterized in this volume utilize pulsed reactors, flash x-ray 
(FXR) machines^ and electron linear accelerators (LINACs). Overall characteris- 
tics of each of the 3 types of simulation machines, along with outlines cf the 
data requested from the facilities, are given in the introductions to th» indi- 
vidual sections that follow. 

There are four basic considerations to act upon when planning an experiment 
at a TREE Simulation Facility: (1) determine what needs to be measured and how 
to measure it, (2) plan the experiment in detail, (3) select the simulation 
facility or facilities and review the experiment with the facility staff, and 
(4) try to find any flaws in the experiment. 

The TREE Handbook and TREE Preferred Procedures, published by DNA, are 
recoanended references. The TREE Handbook is intended to provide inform*tion 
useful in designing and evaluating electronic equipment that is expected to he 
exposed to the radiation environment produced by a nuclear-weapon burst. This 
Handbook is directed toward individuals responsible fcr hardening electronic 
equipment to withstand the transient-radiation environment. It is not intended 
to satisfy all the needs of the experimentalist, vulnerability analyst, manager, 
or planner. 

The information in ehe TREE Handbook can be categorized *»  follows: 

1. Supporting information 

2. Environmental information 
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3. Information on the effects of radiation on electronic ma- 
terials and devices 

4. Circuit considerations 

5. System considerations. 

Supporting information includes sections that explain the terms used in the 
Handbook, compare the simulated and nuclear-weapon-burst environments, explain 
the interaction of y-rays, x-rays, and neutrons with matter, and list refer- 
ences containing additional information on transient radiation effects, 

The TREE Preferred Procedures provides persons conducting TREE experiments 
with recommended procedures that experience has shown are efficient for deter- 
mining transient radiation effects on electronic parts. The recommendations in 
this document are a consensus of current good practice arrived at after careful 
review by a limited group of individuals outstanding in the field of transient 
radiation effects. The object has been to formulate and recommend procedures by 
which radiation-test data on electronic components and radiation environments 
may be obtained and reported. This document contains sections on testing diodes, 
transistors, capacitors, microcircuits, and medium-scale integration/large-scale 
integration (MSI/LSI). In addition, valuable discussions on experimental design, 
radiation facilities, and dosimetry and environmental correlation are included. 

The TREE Handbook and TREE Preferred Procedures were prepared as an integral 
part of a series of documents sponsored by DNA to assist and guide the TREE 
community. Other documents in this series include the DNA EMP Handbook, Nuclear 
Environment Descriptions, and a Management Guide to TREE, initial distribution 
of these documents is to a DNA distribution list. Supplemental distribution is 
via the Defense Documentation Center, Cameron Station, Alexandria, VA 22314. 
Most Department of Defense (DoD) contractors working in the TREE ar<-a have one 
or more copied of these documents. Copies are usually held by a company's tech- 
nical library or by senior staff members working in the TREE area (e.g., see the 
distribution list at the end of this document). 

The experimental plan or design is to specify what must be done, why it must 
be done, and how it must be done to obtain information of the required accuracy 
and precision. Thi* is probably the most important function since the running of 
the experiment frequently can be performed by a competent technician once an 
experiment is properly designed. The design is a dynamic document which will 
change as the experiment evolves to its optimum form. The decign must be done in 
detail and should consider all significant variables and their effect on the 
results. This document also provides an effective means to communicate require- 
ments to the simulation facility operators, an opportunity to critique the 
experiment, and it force« the experimenter to think through his experiment in 
detail and take into consideration all possible contingencies. 

Assistance in selecting a simulation facility is the primary reason for the 
existence of this Handbook. Selecting the facility to be used must be done early 
in the planning stage of the experiment since this will affect the experimental 
design. 
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A portion of Section 4.0 of the TREE Preferred Procedures - "Radiation Facil- 
ities," is reproduced here: 

General Considerations 

The need for simulation of a given radiation environment 
to produce a predetermined effect requires careful source 
selection. The obvious parameters to be considered are, of 
course, cost, radiation type (generally photons, neutrons, or 
electrons for TREE work), energy spectrum, and time depen- 
dence. Other considerations, possibly less obvious at first 
glance but requiring attention from a practical standpoint, 
are listed below under Operational Considerations, though not 
necessarily in order of importance. 

Within the scope of this Preferred Procedures document, 
there are basically two types of device responses of inter- 
est: transient response (typically, photocurrents generated 
in the bulk material) and permanent response (damage either 
in the bulk or surface of the devir&s). The basic test- 
environment requirements for these responses are given below. 

Transient-Response Considerations 

Transient responses typically result from photocurrents 
introduced through ionization phenomena due primarily to pho- 
ton irradiation. However, neutron ionization can also cause 
photocurrents of interest. Therefore, a pulsed source of ion- 
izing radiation in most cases is desirable having (1) rise 
and fall times short compared to diffusion times and long 
enough and with controllable pulse-length capabilities to 
achieve equilibrium photocurrent in the device under test; 
(2) sufficient intensity to produce the required range of 
dose rates in the device (i.e., to obtain data both where 
Ipp is linear with dose race and at the high rates where 
nonlinearifies appear); (3) sufficiently energetic photons or 
electrons to penetrate the case of the device and produce a 
uniform dose throughout the active volume; (4) an energy 
spectrum sufficiently well-known so that the dose rate in the 
active volume can be accurately determined by standard meth- 
ods; and (S) spurious RF noise low enough to avoid confusion 
of effects. These are ideal characteristics and are not to be 
found in any one pulsed source. 

Many LINAC's and flash x-ray machines closely approximate 
these criteria if proper precautions are taken. The LINAC has 
the advantages of variable and long pulse width and better- 
controlled beam diameter, position, intensity, and shot-to- 
shot performance. The flash x-ray facility has the advantage 
of larger irradiation-volume capability for tests on several 
devices simultaneously. 
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There are two other transient responses of devices which 
can be of concern with some systems and which therefore need 
to be briefly mentioned. The first response results from 
short-term annealing of bipolar transistor gain. Because 
transistor-gain degradation is primarily caused by neutrons, 
a pulsed source of neutrons with sufficient fluence (>10^ 
n/cm-) and short duration (depending on response times of 
interest) is needed. The appropriate pulse width for charac- 
terizing this effect will depend upon the system specifica- 
tion to be applied to the part being characterized. 

Second, a transient response attributable to surface 
effects has been observed in some devices. Sources of ioniz- 
ing radiation with pulse widths that are short with respect 
to the response time? of interest should be used to evaluate 
the influence of this effect on device response. 

Permanent-Response Considerations 

Permanent responses of devices are attributed to physical- 
property changes which can persist for long periods of time 
as compared to the measurement circuit response time. For 
this document, permanent responses can be grouped into two 
categories: bulk and surface effects. The bulk effects are 
due to lattice displacements in the bulk of the material in- 
duced by high-energy radiation, primarily neutrons. Surface 
effects are primarily due to ionizing radiation causing 
changes in the surface . onditions of the bulk material. 
Therefore, for permanent bulk-damage type of experiments, a 
neutron source is desirable having (1) sufficient fluence of 
energetic particles at the experiment position to produce, in 
reasonable experiment times, the desired bulk damage; (2) a 
spectrum sufficiently well-known to allow characterization of 
the spectrum in standard terms by standard methods; and (3) a 
known n/y ratio that is high enough so that any effects due 
to the Y radiation are negligible in comparison with 
neutron-induced effects. 

Pulsed reactors, some steady-state reactors, and some 
accelerator-generated neutron sources meet these criteria. 
Ave Ie.i''or-generated neutrons may have the energy distri- 
but on of a fission »pectrun if they are generated in the 
phocofission process, or they may be nearly monoenergetic if 
a fusion reaction such as the H^(d,n)He^ reaction is used. 
There are also sources utilising a plasm« of deuterium and 
tritium gases which generate 14-MeV neutrons. 

For permanent-surface-effect types of experiments, a 
source of ionising radiation that produces a minimal amount 
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of bulk damage is necessary. For electrons in silicon, ener- 
gies less than about 150 keV meet this requirement. However, 
if the total dose is less than about 10° rad(Si), bulk dam- 
age is negligible and higher energy radiations may be util- 
ized. Isotope sources, ion accelerators. LINACs, and flash 
x-ray machines all can meet these criteria. 

Once the test engineer has decided upon the type of radi- 
ation facility that he should use, the selection must be made 
of the particular facility which will permit him to attain 
his experimental objective with the resources at his command. 
The determining factors in this decision are the operational 
considerations. Operational considerations are those factors 
which can only be determined by the test engineer, usually 
after he has partially completed his experimental design. 
They depend upon such factors as the funds hi. has available, 
his own expertise as an experimenter in TREE effects, the 
physical dimensions of his experiment, and the accuracy and 
precision required to obtain his experimental objectives. At 
this time, a careful review of Section 2.5 of the TREE Pre- 
ferred Procedures, "Experimental Hardware Considerations/ 
Techniques," may be helpful. 

One obvious consideration is the cost of using the facility, including 
rental fees and transportation of personnel and equipment to the facility. This 
may be related to the support capabilities available at the radiation facility. 
Costs for using a facility can be obtained by contacting the facility and dis- 
cussing your requirements with them. This is best left until after the prelimi- 
nary experimental design is completed. For a small low-budget experiment, inves- 
tigate the possibility of piggy-backing it on another larger experiment. This is 
possible when the experimental conditions of the larger experiment and the ex- 
perimenter are agreeable to such an arrangement. 

Other things to consider are: 

1. If an experiment requires less than a whole day to com- 
plete, will the experimenter be charged for a whole day's 
use of the facility? 

2. Kow flexible is the facility's staff if the experiment 
requires work during other than routine business hours? 

3. Does the facility hav* a staff experienced in TREE test- 
ing available for consultation? 

4. Ho» much assistance will the staff of the facility be 
sble to provide to the experimenter? 

5. Will adequate (quality or quantity) test equipment be 
available at the facility or will the experimenter have 
to provide it himself? 

6. l?hat dosimetry services can the facility provide? 
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7. Can an outsiJe vendor be used to provide supplemental 

dosimetry services for redundancy? 

8. The problems of remote operation (including long-cable 
effects, the possible need for precision test-sample 
positioning, or frequot setup change) must be considered. 

9. The size of the experiment with respect to the exposure 
area available must be considered. How uniform is the 
dose and/or dose rate at the location where the experi- 
ment will be performed, both across the front surface and 
from the front to the back of the experimental package? 
For experiments close to a point source it is usually 
necessary to prepare a jig to hold the device and dosim- 
eters to assure that they receive the same dose. Trial 
calculations using the maximum positioning error of the 
experiment, assuming a l/R^ dose dependence, will show 
the accuracy required in positioning the components of 
the experiment. 

10. Are the energy spectrum and/or yield component ratio 
(n/y ratio in a reactor, etc.) satisfactory? 

11. Can the radiation source be pulsed by a signal from the 
experimenter (i.e., synchronization of the radiation 
pulse with an experimental equipment signal) or must the 
experimenter depend on a signal from the facility's 
operator? 

12. What will be the uncertainty in knowing exactly when tha 
pulse will occur? 

13. What precautions will be necessary to protect the -xperi- 
ment from unwanted noise «it the facility under considera- 
tion? 

14. Will spurious signals, including charge scattering from 
the test fixtures and electromagnetic RF noise due to the 
radiation generator or the radiation itself, be more of a 
problem at one facility than at another? 

15. Is a screen room available for the experimenter's use? Is 
it large enough for the planned experiment? 

Host government-owned simulation facilities require justification as to why 
that facility must be used before permission to use it is granted. They also may 
require that the experiment be related to work on a government contract. When 
such authorisations involve more than one governmental agency, several weeks or 
even months of lead tice may be necesary. Tf the material in an experiment 
becomes radioactive during irradiation, a license must be obtained to receive 
the soecific radioisotopes that were generated. A lead time of from a few days 
to a few months it usually necessary when scheduling a test at a nongovernment- 
owned facility. 
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At many facilities, an experiment test plan must be submitted and approved 
before a firm scheduling commitment will be given. This should specify the lim- 
itations (accuracy) of what they can supply. It is the experimenter's responsi- 
bility to take these limitations into consideration in the experimental design. 
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SECTION 2 

PULSE REACTORS 

1 

2.1 INTRODUCTION 

Two types of pulse reactors are discussed in this section: the bare, all- 
metal, unmoderated fast type; and the water-moderated thermal TRIGA. The two 
types yield approximately the same total power and neutron fluence but differ in 
spectra, pulse width, and some other ways. Both types of reactors can be oper- 
ated in either the pulse or steady-state mode. 

The neutron spectrum of the bare reactors is a slightly moderated fission 
spectrum. Neutron lifetimes are short, resulting in a burst pulse width in the 
ps range. An exception if, the Super Kukla (subsection 2.7). The large core 
size of this reactor results in a much longer prompt neutron lifetime than oc- 
curs in the smaller reactors, producing a considerably longer pulse width. The 
heat generated in bare reactors during a pulse limits the permissible power 
operating levels and the burst repetition rate which typically is of the order 
of 1 pulse/hr. Steady-state operation of bare reactors generally is discouraged 
because of the associated fission product buildup within the fuel material. Sam- 
ples to be irradiated are placed near the reactor, next to the fuel material, or 
within the "glory hole," which is a hole running through the center of the fuel 
material. 

TRIGA types have the reactor core suspended in a water-filled tank about 20 
ft below the surface of the water. The core is a lattice of cylindrical fuel 
elements arranged in a right-circular cylindrical pattern. The individual ele- 
ments are spaced to permit water flow throughout the core. The water serves as 
both a coolant for the fuel elements and as a neutron moderator. The neutron 
spectrum is a moderated fission spectrum with a significant thermal component. 
The neutron lifetimes are relatively long, producing pulse widths in the ms 
range. The heat generated during a burst places limits on the power which can be 
attained. The flow of water through the core permits fast cooling, allowing a 
repetition rate of many bursts per hour. TRIGA reactors can be operated in 
either the pulse mode or the steady-state mode at a reasonably high power level. 
The core is designed to accommodate the associated fission product buildup. Sam- 
ples are irradiated at any of several locations in and around the core. Maximum 
fluenca levels are near the center of the core, and samples are accommodated by 
removing a fuel element(s) and substituting the sample. Samples also can be 
placed in the pool around the outside of the reactor core. A dry environment is 
retained by using either a watertight tank placed in the pool or a cell-type 
room adjacent to the pool wall. 

Samples placed in or around a reactor core exert a perturbing influence on 
the neutron flux, affecting the reactivity or nuclear characteristics of the 
reactor. ?or this reason, the reactivity "worth" of a particular sample placed 
in proximity to   the core must be known. The reactivity worth of a sample is 
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related directly to its neutron absorption properties and, therefore, to its 
material composition and exposure position in the reactor. The units of measure 
used in describing reactivity are "dollars" ($). Where the data are available, 
tolerable levels of sample reactivity woruh have been given in this Handbook. 
The worth of an experimental assembly must not exceed the tolerable level. 

Sample reactivity worth must be calculated for each individual case. The 
data in Table 2-1 are representative of calculations made for samples placed in 
proximity of an enriched U 10 w/o Mo-alloy fast-burst reactor. The data are 
meant to be illustrative only and are not definitive. 

Following Table 2-1 is the outline (Table 2-2) that was used for requesting 
data from the individual pulse reactor facilities. The data as reported are for 
specific core configurations normally used and considered typical for irradia- 
tion experiments. Because experimental samples change the spectrum and flu* dis- 
tribution, these data, although quantitative, are to be used only as a guide. It 
is recommended that, when precise environmental data are required by an experi- 
menter, measurements be made while the experiment is performed. 

As with all radiation field data, inherent uncertainties associated with 
radiation measurement techniques should be kept in mind. 

Table 2-1. Reactivity worth of experimental assemblies and reflectors. 

Description 
Reactivity 

($)■ 

Missile guidance package, 35 cm in diameter at 6 cm from 
safety shield 

Four lucite boxes (10 x 10 x 5 cm) containing Si oil and 
printed circuit boards arranged symmetrically around the 
core at 1 cm from safety shield; assorted detectors at 
2.5 cm from safety shield 

Two metal boxes containing semiconductors, electronic 
components, one B ball, and S pellets, at surface of 
safety shield 

Three transistorized printed circuit boards arranged 
symmetrically around the core at 2.5 cm from safety shield 

Two transistorized circuit boards, one 8 ball, and a dry- 
charge battery (25 x 20 x 5 cm) arranged symmetrically 
around the core at 2.5 cm from safety shield 

About 50 transistors mounted on Styrofoam board having a 
radius of 12.7 cm. Components at about 1 cm from safety 
shield and surrounding 180 degrees of reactor 

0.20 

1.02 

0.22 

0.20 

1.09 

0.32 

(continued) 

i 
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Table 2-1 (continued) 

Description 
Reactivity 

($) 

One small transmitter and tower structure, one small power 0.85 
supply, one modulator and commutator, one battery pack, 
one sensor mount (thermistor and photodiode);  all compo- 
nents at 0.5 cm from safety shield and surrounding 180 
degrees of reactor. 

Five transistorized printed circuit boards, 10 transistors 0.35 
on Styrofoam board arranged symmetrically around the core 
at 2 cm from safety shield; one B ball at 15.2 cm from 
safety shield 

Boral box, inside dimensions 30.5 x 30.5 x 47.5 cm high, 0,92 
bottom open, top covered, box material 0.635 en thick, 
contains 0.366 gm/cm^ cf B4C, 5 cm from fuel to near 
surfaces of box 

Four Al plates, each 20.3 x 20.3 x 1.9 cm, at 5.7 cm 1.15 
from fuel to near surfaces of platos 

Four stainless-steel plates, each 20.3 x 20.3 x 2.54 cm, at 2.38 
5 cm from fuel to near surfaces of plates 
Four plywood plates, each 20.3 x 20.3 x 2.54 cm, at 5 cm 0.71 
from fuel to near surfaces of plates 

Four lucite plates, each 20 x 20 x 1.9 cm, at 5.5 cm from 1.48 
fuel to near surfaces of plates 
Lucite box, inside dimensions 41.3 x 41.3 cm x 61 cm 1.74 
high, ends open, wall thickness 1.9 cm, at 10.5 cm from 
fuel to near surfaces of box 

Four paraffin plates, each 20 x 20 x 1.9 cm, at 5 cm from 2.25 
fuel to near surfaces of plates 
Four water "plates" held in polyethylene bags placed in 0.95 
wire baskets having dimensions 20.3 x 20.3 x 2.5 cm at 
8.5 cm from fuel to near surfaces of "plates" 

Water "plates" identical to above and boral box, boral 1.83 
box placed between water and reactor fuel 
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Table 2-2. Outline of data requested from pulse reactor facilities. 

I. Reactor Type (fast or thermal) 

A«  Fast reactor 

1. Fuel 

2. Basic construction 

3. Immediate test environment 

B.  Thermal epithermal reactor 

1. Fuel 

2. Reactor type/moderator 

3. Immediate test environment 

II. Test Parameters 

A. Operating characteristics 

1. Power level(s) (total fission output per burst) 

2. Temperature-time profile and characteristics 

3. Available reactivity 

4. Reactivity insertion rate; pulse period 

5. Repetition rate and pulse reproducibility/predictability 

B. Environment (where appropriate, neutron data expressed as 1-MeV 
equivalent damage in Si) 

1. Fluence maps; neutron and y (elevation and plan views; 
data to be presented as isoflux contours) 

2. Flux maps; neutron and y (elevation and plan views; data 
to be presented as isoflux contours) 

3. Degree to which n/y ratio can be varied 

4. Spectrum as function of time and position 

5. Pulse width; scope traces 

6. Background radiation levels (y» RF, etc.) 

7. Diagnostic techniques used in the environment measurements 
(reactions analyzed in foil measurements of spectra) 

8. Discussion of errors in the environment measurements 

9. Electrical noise mapping (experimental-configuration 
dependent) 

(continuued) 
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Table 2-2 (continued) 

III. Support Capabilities 

A. Professional and/or nonprofessional technical support staff 
available 

B. Screen room 

C. General electronics available; power, cabling, and minimum 
cabling requirements 

D. Timing signals 

E. Dosimetry available (active and/or passive) 

F. Calculational capabilities available 

G. Shop facilities 

H.  Experiment preparation laboratories 

I.  Photographic equipment and materials 

IV. Procedural Information 

A. Contact (technical and administrative) 

B. Scheduling (lead time) 

C. Cost information if available and/or releasable 

D. Shipping address 
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2.2 SANDIA PULSE REACTOR (SPR-III) 

2.2.1 Physical Characteristics 

SPR-III is an all-metal, unreflected, and unmoderated critical assembly in 
the form of a right-circular cylinder, 10.7 in. in dia. and 14.4 in. high. The 
assembly contains a total mass of 258 kg of fully enriched U (93.2% U-235), al- 
loyed with 10 w/o Mo. A 7-in. dia. "glory hole" extends vertically through the 
center of the core, thereby facilitating internal as well as external irradia- 
tion of test samples. It is at the midplane of the glory hole that the principal 
performance criterion, 6 x 1014 n/cm2 (E > 10 keV) for a maximum yield 
burst, is defined. 

I 

A thin-walled Al shroud approximately 22 in. O.D. and 32 in. high covers the 
fuel assembly. The shroud, coated with B, serves a dual purpose: first, it con- 
fines the cooling gas over the fuel system, thereby achieving relatively effi- 
cient cooling; and second, it diminishes the reactivity contribution of moderat- 
ing test samples placed external to the reactor. Cooling reduces the maximum 
delay time between bursts to 2 hr. 

The reactor is capable of operating in either the pulse mode or at a steady- 
state power of up to 15 kW for several hours. Steady-state operation is mini- 
mized, however, because it produces large fission-product inventories in the 
core. 

Characterizing data presented herein are taken from detailed quantitative 
data obtained by Sandia Laboratories. 

2.2.2 Operating Characteristics 

The burst energy release is characterized by the temperature rise in the 
fuel. A standard SPR-III burst produces about a 350°C to 400°C temperature 
rise (maximum). Measured characteristics for a 300°C burst are given in Table 
2-3. The peak power level is approximately 118,000 MW. Pulse widtl varies in- 
versely with burst size; the larger the temperature excursion, the narrower the 
pulse. Figure 2-1 shows the relationship between pulse width and pulse yielt'. 
Figure 2-2 depicts a typical burst profile, as measured with a photodiode. 

Cooling time (forced N) is approximately 1 hr. 

Measured data regarding the tolerable reactivity worth of experimental sam- 
ples indicate the following: 

1. The protective shroud around the fuel material isolates 
the reactor from experiment.? placed external to the core. 
Hence, there are no limitations on experiments outside 
the reactor. 

2. Samples placed within the glory hole are very strongly 
coupled to the reactor. Measurements have been made re- 
garding the reactivity worth of various sample materials 
in this position. Experiment worths can be several $ in 
magnitude. 
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Table 2-3. SPR-III free-field pulse performance characteristics 
(dose and dose rates in the glory hole). 

T 
(°C) 

FWHM 
(ys) 

n/cm^/Pulse 
(E > 10 keV) 

Peak 
n/cmVs 

(E > 10 keV) 
Rad (H?0) 
Per pulse 

Peak 
Rad (H20) 

Per s 

100 237 1.51 x 1014 6.37 x 1017 4.28 x 104 1.81 x 108 

150 150 2.47 x 1014 1.65 x 1018 6.33 x 104 4.22 x 108 

200 116 3.08 x 1014 2.66 x 1013 8.38 x 104 7.22 x 108 

250 98 4.12 x 1014 4.20 x 1018 1.06 x 105 1.08 x 109 

300 90 4.57 x 1014 5.08 x 1018 1.31 x 105 1.46 x 109 

350 82 5.33 x 1014 6.50 x 1018 1.48 x 105 1.80 x 109 

400 76 6.10 x 1014 8.03 x 1018 1.69 x 105 2.22 x 109 

300 

200 

o 
8) 
01 
a. 

100 - 

100 200 300 400 500 
PULSE YIELD - AT ( C) 

Figure 2-1. SPR-III width at half-maximum power versus temperature 
rise (pulse yield) free field. 
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Figure 2-2. SPR-III typical pulse shape for 300°C AT yield. 

An assessment of sample reactivity worth will be made by the reactor staff 
for each experiment conducted. 

Reactivity insertion rate is approximately $10/s. 

Burst frequency is approximately 2 hr, depending upon burst sice. 
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2.2.3 Environment 

Measurements of the neutron and y environment in the glory hole and around 
the outside of the reactor and characterizing data taken from these results are 
presented here. 

Neutron measurements were made utilizing threshold foils. The results are 
shown in Figures 2-3 and 2-4 and Table 2-3. The measurements were made essen- 
tially in a free-field condition; i.e., there were no spectrum-perturbing exper- 
iments near the reactor during the measurements. Therefore, the values given 
should be representative of any free-field location in the reactor room. 

Absorbed y dose measurements were made with TLD-400 (CaF2) dosimetry. 
The results characterizing the SPR-III y environment are presented in Figures 
2-5 and 2-6. 

Measurements imply that fluonce and dose levels are approximately linear 
with fuel temperature rise. 

Neutron spectra measurements were made with S foils and fission foils in B 
balls in the glory hole and at various distances outside the .;ore. The results 
of these measurements are shown in Figures 2-7 and 2-8 and Tf.ble 2-4. Quantita- 
tive data regarding time-dependent spectra are not available. 

Measurements show the variation of the n/y ratio with position and types 
of reactor operation. Measurements were made using S foils to determine n/cm' 
(E > 3 keV) from which total dose can be inferred using the appropriate con- 
version factors which can be obtained from the spectra plots, and TLD-400 y 
dosimetry to measure the absorbed dose. Figures 2-3 and 2-5 can be used for 
leakage ratios and Figures 2-4 and 2-6 for the glory hole. 

Sources of error include positioning error of successive dosimetry packages, 
shadowing effects, counting statistics, and reactor repeatability. 

At any given location in or around the reactor, the n/y ratio is higher on 
c burst operation than on a power run of equivalent neutron fluence because of 
the delayed y dose associated with the extended exposure time on a power run. 
A long power run at low power results in fewar n/y than a short power run at 
high power (with the total number of kW-min equal in both cases) because a 
smaller fraction of delayed y is emitted during the exposure time of the short 
power run. 

As examples, the n/y ratio in the glory hole is about 3.6 x 10^ 
n/cm2/y rad for pulse and about 2.8 x 10^ n/cra2/y rad for steady- 
state conditions. 

Quantitative data on background radiation are not available. The experience 
of the facility operators indicates that RF background noise poses no serious 
problem. 
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Figure 2-4. SPR-III center line data. 
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Table 2-4. Measured SPR-III neutron spectrum (central cavity, 
horizontal and vertical center line, free-field). 

Group 
Number 

Lower Energy 
(MeV) 

Upper Energy 
(MeV) 

Normalized 
Group 

Fraction 
Fluence3 

(n/cm^-MeV) 

1 6.5+0 1.0+1 0.00558 1.59+11 

2 4.0+0 6.5+0 0.04863 1.95+12 

3 2.5+0 4.0+0 0.10410 6.94+12 

4 1.5+0 2.5+0 0.12119 1.21+13 

5 1.0+0 1.5+0 0.12123 2.42+13 

6 6.5-1 1.0+0 0.16189 4.63+13 

7 4.0-1 6.5-1 0.16154 6.46+13 

8 2.5-1 4.0-1 0.11010 7.34+13 

9 1.5-1 2.5-1 0.07502 7.50+13 

10 1.0-1 1.5-1 0.03611 7.22+13 

11 6.0-2 1.0-1 0.02668 6.67+13 

12 4.0-2 6.0-2 0.01190 5.96+13 

13 2.0-2 4.0-2 0.01023 5.12+13 

14 1.0-2 2.0-2 0.00462 4.62+13 

15 5.0-3 1.0-2 0.00111 2.22+13 

16 1.0-3 5.0-3 0.00002 5.00+11 

17 1.0-4 1.0-3 0.0000003 

1.00000 

3.33+10 

formalized integral fluence = 10*4 nvt. 

The uncertainties associated with any one measurement point are about ±15%. 
This uncertainty is inherent in any spectral and fluence measurements because of 
uncertainties relating to detector calibration and positioning, cross-section 
information, signal measurement, and foil couunting. The uncertainties of the 
reported Sandia data are typical and representative of the present state of the 
art. 

2.2.4 Support Capabilities 

With the exception of radiological and toxicological safety services and the 
Sandia Laboratories Oosimetry Counting Laboratory, Sandia personnel should not 
be expected to provide scientific, technical, or engineering consulting services 
or support to non-Sandia users of the pulse reactor. The primary service pro- 
vided for the experimenter/user is a nuclear radiation source and/or environment. 
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The Sandia technical staff is available for consulting services on a limited 
basis unless special contractual arrangements are made. If experiments involve 
radioactive or toxic substances, a Sandia health physicist is assigned the 
responsibility of regulating personnel exposures and ensuring that proper hand- 
ling procedures are employed. 

Utilities available inside the reactor cell include: 

1. Compressed air    4 CFM at 100 psi 

2. Electrical power 

3. Water drain 

40 kVA, 120-V, l-<}> ac (15 A/outlet) 
(220 Vac available upon request) 

3-in, gravity flow. 

Around the inside periphery of the cell are 9 electrical patch panels. Of 
these, 3 are paired with identical panels outside the cell at trailer parking 
stations and 4 are connected with panels inside the instrumentation building. 
The other 2 are used by reactor operations. Each of the 7 experiment boxes pro- 
vides RG-58B/U coaxial cables, No. 14 signal wires, a ground bus, and an empty 
4-in. conduit for the experimenter to pull his own cables when desired. 

Near the patch panel at each trailer station, 208-V, 3-<J>, 100-A electrical 
power is available through an Appleton AEEA-10476 connector. Also, each trailer 
station has a 120-V, l-<}> ac supply, terminated in four 3-prong convenience 
outlets. Instrumentation cables, which must be provided by the experimenter, may 
be laid along the ground between the outer patch panel and the recording trailer. 
Equipment located within the reactor room must be wired for remote operation 
since personnel will not be permitted insi the area while the reactor is being 
operated. 

Any cable reaching from the reactor to the patch panel should be a minimum 
of 20 ft long. Any cable pulled through the patch panel conduit should be a min- 
imum of 45 ft plus the desired length outside the cell. 

An instrumentation building located immediately adjacent to the reactor 
building houses permanently installed analysis equipment. Dual-beam oscillo- 
scopes with automatically actuated cameras, power supplies of various voltage 
and current ratings, and several types of amplifiers are available. Space is 
also available for the experimenter to set up his own special equipment. Cables 
should be 65 ft long to reach from the reactor to equipment in the instrumenta- 
tion building. 

No screen room is available at the facility, but provisions can be made for 
adequate electrical shielding. 

Timing triggers for pre-burst and post-burst and signals relative to burst 
peak can be furnished if required. 

Dosimetry data can be provided by the Sandia Laboratories Dosimetry Counting 
Laboratory. Standard foil techniques are used for neutron measurements. TLD-400 
dosimetry is used for the Y measurements. 
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Limited calculation facilities are available at the reactor site. The Sandia 
Laboratories computational laboratory can be made available on a limited basis 
by prearrangement. 

Light machine shop facilities and experiment preparation and setup labora- 
tories are available. 

Limited photographic equipment is available. Oscilloscope cameras and film 
are readily available. 

Technical and administrative 
should be directed to: 

inquiries related to the use of the SPR-III 

Reactor Applications Division 
Organization 5451 
Sandia Pulsed Reactor Facility 
Sandia Laboratories 
P.O. Box 5800 
Kirtland AFB East 
Albuquerque, NM 87115 
Telephone:  (505) 264-2361 or 264-3304 

A final experimental plan must be submitted 4 weeks in advance of the antic- 
ipated use of the facility. The format to follow in submitting this plan is 
shown in Figure 2-9. Scheduling of reactor time is not considered until the con- 
tract is approved and the experimental plan is received. 

Costs and charges associated with use of the facility are documented and 
available directly from Sandia Laboratories. The shipping address is: 

Supervisor, Organization 5451 
Sandia Laboratories 
P.O. Box 5800 
Kirtland AFB East 
Albuquerque, NM 87115 

2.2.5 Applicability and Availability 

The SPR-III provides a transient radiation environment readily applicable to 
TREE experiments. The facility is available to agencies of the DoD and to pri- 
vate organizations having Department of Energy (DoE) or DoD contracts requiring 
the use of the reactor. The reactor is available on the basis cf noninterference 
with Sandia programs. 

The reactor facility is located in an isolated experimental area 6 miles 
south of the main Sandia Laboratory, making it necessary for experimenters to 
provide their own transportation. 

2.2.6 Security Clearance 

Sec-irn" clearances are required to gain unescorted access to the SPR facil- 
ity. Visitors with a Q-clearance or a DoD Secret clearance with a Restricted 
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Data certification may have unescorted access to the SPR. Visitors without the 
above clearances must be escorted while in the security area. Visitor Control 
must be contacted to arrange for access to the laboratory. 

Date 

TO: 

FROM: 

J. A. Snyder, 5451 Building 6591 Ext. 264-1272 

Org. Ext.   
(Responsible Project Leader) 

Other Participants  

This experiment has been discussed with SPR personnel and 
the scheduled dates are: 

Title 

Objective 

Security Classification 

Procedures 

Items to be exposed (qty. , wt. , mat'Is, dimensions, etc.) 

Radiation levels and total number of SPR operations re- 
quired 

Experimenter Signature  

Reviewed and Approved by 
SPR Supervision  

(Date) 

Reviewed by Committee 
fDaTeT 

Arrange for Area V access and submit plan as soon as possible 
after scheduled reactor time has been verbally confirmed. 

NOTE:  EXPERIMENTAL SETUP FOR IRRADIATION, AND REMOVAL, WILL 
NOT BE DONE BY OPERATIONS PERSONNEL 

■■■**» 

Figure 2-9. Sandia pulse reactor facility experiment plan. 
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2.3 U.S. ARMY MATERIAL TESTING DIRECTORATE, 
ARMY PULSE RADIATION FACILITY (APRF) 

2.3.1 Characteristics 

The APRF reactor is a highly mobile and versatile all-metal, fueled, unre- 
flected, and unmoderated critical assembly. It is operated in either super- 
prompt critical pulse or steady-state mode. For the exposure of small objects tc 
high neutron fluence levels, the APRF can be operated with either 39-mm or 
106-mm dia., 198-mm high glory holes. The maximum fluence available in a glory 
hole is 6 x 10^ n/cm^ (1-MeV equivalent) delivered in a single 45-ys 
wide pulse. At the reactor-shroud surface the maximum available fluence is 1.5 
x 101* n/cm^ in a single pulse. 

The APRF is also designed for the simulation of tactical nuclear environ- 
ments and the irradiation of very large objects. The reactor is suspended from a 
transporter capable of positioning it remotely at various locations inside a 
30-m dia., 25-m high silo made of low-scatter materials, as well as at an out- 
doors test pad. The reactor can be raised from inside a pit to 13 m above floor 
level, which is borated. A relatively free-field environment simulating an air 
burst can thus be generated by the reactor. 

In the pulse mode the reactor is normally operated to 1.5 x 10*' fis- 
sions per pulse. In the steady-state mode the reactor can be operated up to 10 
kW for 13 min or continuously at 5 kVi. 

The reactor is operated in a y mode through the use of various n/y con- 
verter shields. These are tailored to meet specific criteria up to dose rates of 
3 x 10' rad/8 with pulse widths ranging from 50 ps to 5 ms. The reactor is 
also used to produce high thermal fluxes up to 10*° n/cm^-s, with the help 
of polyethylene flux traps. 

Table 2-5 summarizes the irradiation capability of the reactor. Figure 2-10 
depicts the reactor and facility building. 

2.3.2 Test Parameters 

The maximum pulse yield is 
the range 1.2 to 1.5 x 10*' fissions 

2.1 x 10*' 
ons: 

fissions. Normal 

Pulsa Yield 

operations are 

1.2 x 1017F 1.5 x 1017F 2.1 x 10l7F 

52 

19 

45 

17 

40 

10 

in 

Pulse Width (FWIM), us 

Initial Reactor Period, ys 

Figure 2-11 shows traces of a typical pulse shape taken with the APRF Data 
Acquisition System. The reactor can be operated in a wide-pulse mode, obtained 
by placing suitable moderators near the reactor. Peak y  dose rate versus pulse 
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Figure 2-10. Army pulse radiation facility. 
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3 

width at half maximum (PWHM) power for y converters is shown in Figure 2-12 
and peak y dose rate versus total neutron fluence for y converters is shown 
in Figure 2-13. 

Maximum temperature rise is approximately 600°C. Cooling time (forced air) 
is 40 min. Measured temperature-time profiles are available; they depend on 
pulse and FWHM. 

An assessment of sample reactivity worth will be made by the reactor staff 
for each experiment conducted. The following should be noted: 

1. The decoupling shield placed around the core isolates the 
reactor from reactivity effects of experiments placed 
external to, but near, the reactor 

2. Samples placed within the glory holes have a strong reac- 
tivity effect on the reactor and careful reactor control 
is required 

3. Moving experiments, such as burning rocket motors, re- 
quire detailed reactivity calibrations to determine their 
effect during a pulse 

4. In general, when an experiment's reactivity contribution 
in the pulse mode is uncertain, its contribution will be 
evaluated by exposing it or a mock-up to one or several 
pulses at levels lower than that required for final 
irradiation. 

Peak reactivity insertion rate is $7/s (burst rod). 

Typical repetition rate is 105 rain between high-level pulses, which includes 
about 30 min of access to change the experiment as required. For planning pur- 
poses, a 2-hr cycle time should be used for typical experiments, although as 
many as 6 pulses can be obtained in a day. 

Pulse reproducibility for a typical experiment is ±2Z. In general, changes 
in the experiment rather than in the reactor determine reproducibility from run 
to run. 

2.3.3 Environment 

«te= 

2.3.3.1 Fluence and Dose Maps 

Fluence, dose, and spectrum measurements, as well as calculations, are made 
by APRF staff. Free-field fluence data are given in Figures 2-14 through 2-20. 
Intercomparisons and cross calibrations with other facilities have been made and 
current data are available from the facility. 

The neutron fluence is determined from Pu-239 and Np-237 loaded double- 
fission chambers developed by the National Bureau of Standards (NBS). These 
chambers are calibrated against a standard Cf-252 spontaneous fission source, 
also at NBS. The result is a traceable calibration accurate to better than 
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- 

5%. Routine dosimetry is performed with S pellets yielding a nominal >3-MeV 
fluence. The (>10-keV)/(>3-MeV) flux ratio is 8.8 ± 0.6 in both glory 
holes and 7.4 ± 0.5 for leakage neutrons, respectively. The free-field APRF 
neutron spectrum is a slightly degraded U-235 fission spectrum and is essen- 
tially 1-MeV equivalent. 

Figures 2-14 through 2-20 can be used to determine the fluence or flux dur- 
ing steady-state operation using the experimentally verified conversion factor 
of 1 x 10*7 fissions ■ 56.6 kW-min. 

Neutron and y dose measurements in rad tissue are made with tissue- 
equivalent and air-equivalent ionization chambers. These range in volume from 
0.5 cc to 16 liters and can be used from in-core to a range of several hundred m 
from the reactor. 

Several n/y convert«.- shields are available at APRF. In these shields, 
fast neutrons fro» the reactor are slowed down by use of a moderator such as 
polyethylene, and the low-energy neutrons are then captured in Cd and Gd to 
produce captured y-rays. 

To date, two basic out-of-core shields have been developed: a narrow-pulse 
converter, and a wide-pulse converter. Figure 2-12 shows the measured y dose 
rate versus FWHM for both narrow and wide pulses. The converter consists of a 
box 400 on wide, 360 mm high, and 380 mm deep, with 76-mm thick walls of con- 
verter material consisting of polyethylene impregnated with 20 w/o CdO and 10 
w/o Gd203. The back is open for access. The maximum output is 1.3 x 10*7 

fissions per pulse for narrow pulses and «fl.8 x 10*7 fissions per pulse for 
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wide pulses. From Figures 2-12 and 2-13 it is seen that there is some flexibil- 
ity in FWHM and neutron fluence and the same dose rate can be obtained over a 
range of these parameters. 

Figure 2-21 shows the neutron and y doses at the inside center of the con- 
verter box for tissue as a function of converter thickness. Figure 2-22 shows 
the sane data for Si. For Si, the neutron contribution inside the converter 
shield is very small. 

APRF has a complete high-resolution neutron and y spectrum measurement 
capability centered on proton recoil, NE213 scintillator, and Li-6 solid-state 
spectrometers. These spectrometers can be used to obtain the spectra when the 
basic free-field data are inadequate. Measurements are made as far as 450 m from 
the reactor in simulated tactical nuclear environments. Calculations are made 
using ANISN one-dimensional and the DOT 3.5 two-dimensional discrete ordinate 
codes. In general, agreement between calculations and measurements is good. 
Typical data are shown in Figure 2-23. 

APRF has available the routine foil activation and spectrum unfolding tech- 
niques for those applications where this is required. 

Reference free-field neutron and photon leakage spectcal data are given in 
Tables 2-6 through 2-8. The 90-group spectrum is the most recent determination. 
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Figure 2-21. Total Y and neutron doses versus converter 
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Table 2-6. APRF reactor 1 eakage neutron spectrum.3 

Energy 
Group 

Neutron 
Energy, 
E lower 

Integral Spectrum Differential Spectrum 

(n/cm2)D 
Relative 
Spectrum (n/cm2MeV)b 

14.92 MeV 

1 10.00 7.66 x 108 0.00064 1.56 x 108 

2 5.70 1.02 x 1010 0.00850 2.87 x 109 

3 4.50 5.18 x 1010 0.04297 1.88 x 1010 

4 3.01 1.42 x 1011 0.11770 6.09 x 1010 

5 2.02 2.56 x 1011 0.21247 1.15 x 1011 

6 1.35 4.16 x 1011 0.34499 2.40 x 1011 

7 0.91 5.93 x 1011 0.49176 3.97 x 1011 

8 0.55 8.26 x 1011 0.68550 6.54 x 1011 

9 0.334 9.99 x 1011 0.82892 8.00 x 1011 

10 0.202 1.10 x 1012 0.91497 7.92 x 1011 

11 0.123 1.16 x 1012 0.95883 6.64 x 1011 

12 40.9 keV 1.19 x 1012 0.99012 4.61 x 1011 

13 11.7 1.20 x 1012 0.99755 3.07 x 1011 

14 3.35 1.20 x 1012 0.99927 2.48 x 1011 

15 0.75 1.21 x 1012 0.99984 2.64 x 1011 

16 0.17 1.21 x 1012 0.99997 2.78 x 1011 

17 37.3 eV 1.00000 2.43 x 1011 

18 8.32 1.59 x 1011 

19 1.86 6.69 x 1010 

20 0.41 1.60 x 1010 

21 

Sum 

Thermal 1.21 x 1012 

1.21 x 1012 
1.00000 

1.00000 

9.09 x 108 

5.79 x 1012 

aTwo-dimens ional discrete i ordinate transp ort calculation. 

^Normalized to 1.0 x 101: 1 fissions at 1 m from core center. 
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Table 2-7. APRF reactor leakage photon spectrum.' 

Neutron 
Energy, 
E lower 

Integral Spectrum Differential Spectrum 

Energy 
Group (photons/cm^)0 

Relative 
Spectrum (pnotons/cm^MeV)0 

10 MeV 

1 8.0 9.01 x 107 0.00017 4.51 x 107 

2 7.0 2.53 x 108 0.00046 1.62 x 108 

3 6.0 6.86 x 108 0.00126 4.33 x 108 

4 5.0 8.56 x 108 0.00158 1.70 x 109 

5 4.0 1.49 x 109 0.00274 6.31 x 109 

6 3.5 0 22 x 109 0.01700 1.55 x 1010 

7 3.0 2.10 x 1010 0.03880 2.36 x 1010 

8 2.5 4.33 x I0i0 0.07988 4.45 x 1010 

9 2.0 8.30 x 1010 0.15304 7.93 x 1010 

10 1.6 1.36 x 1011 0.24988 1.31 x 1011 

11 1.2 2.18 x 1011 0.40233 2.07 x 1011 

12 0.9 2.98 x 1011 0.54896 2.65 x 1011 

13 0.6 4.01 x 10U 0.74025 3.46 x 1011 

14 0.4 4.85 x 1011 0.89110 4,20 x 1011 

15 C.21 5.30 x 1011 0.97706 2.34 x 1011 

1C 0.12 5.41 x 1011 0.99700 1.20 x 1011 

17 0.07 5.42 x 1011 0.99997 3.23 x 1010 

18 

Sum 

0.10 5.42 x 10n 1.00000 

1.00000 

2.19 x 108 

1.93 x 1012 5.42 x 1011 

aTwo-dimens' 

Normal 1 zed 

ional discrel 

to 1.0 x 101 
e ordinate transpoi 
7 

fissions at 1 m 1 

rt calculatio 

From core cen 

n. 

ter. 

2-34 



Table 2-8. APRF 90-group leakage neutron spectrum. 

Lower Energy Upper Energy Group Flux 
Group Boundary (MeV) Boundary Q(E)a 

1 1 X 10-5 1 x 1 L0-3 2.95 x 106 

2 1 X 10-3 2 x ] LO-3 2.98 x 106 

3 2 x 10-3 5 x ] LO-3 3.03 x 106 

4 5 x 10-3 1 x ] 10-2 3.14 x 106 

5 1 X 10-2 2 x ] LO-2 3.34 x 106 

6 2 x 10-2 3 x 1 LO-2 3.59 x 106 

7 3 x 10-2 4 x ' LO-2 3.82 x 106 

8 4 x 10-2 5 x " LO-2 4.04 x 106 

9 5 x 10-2 6 x 10-2 4.25 x 106 
10 6 x 10-2 7 x LO-2 4.45 x 106 

11 7 x 10-2 8 x LO-2 4.63 x 106 

12 8 x 10-2 9 x LO-2 4.80 x 106 

13 9 x 10-2 1 x LO-1 4.96 x 106 

14 1 x lO"1 1.25 x LO-1 5.21 x 106 

15 1.25 x 10"1 1.50 x LO-1 5.53 x 106 

16 1.50 x 10"1 1.75 x LO-1 5.78 x 106 

17 1.75 x 10"1 2 x LO-I 5.99 x 106 

18 2 x 10"1 2.25 x LO-1 5.16 x 106 

19 2.25 x 10"1 2.50 x LO-1 6.28 x 106 

20 2.50 x 10"1 2.75 x LO-1 6.38 x 106 

21 2.75 x lo-1 3 x LO-1 6.44 x 106 

22 3 x 10"1 3.25 x LO-I 6.47 x 10s 

23 3.25 x 10"1 3.50 x LO-1 6.48 x 106 

24 3.50 x lo-i 3.75 x LO-1 6.47 x 106 
25 3.75 x lo-} 4 x LO-1 6.44 x 106 
26 4 x lo-i 4.25 x LO-I 6.39 x 106 

27 4.25 x 10-1 4.50 x LO-1 6.33 x 106 

28 4.50 x lo-i 4.75 x LO-1 6.26 x 106 

29 4.75 x lo-i 5 x LO-I 6.18 x 106 

30 5 x lo-i 5.25 x lo-i 6.09 x 106 

31 5.25 x lo-} 5.50 x lo-i 5.99 x 106 

32 5.50 x lO"1 5.75 x lo-i 5.89 x 106 

33 5.75 x lo-i 6 x lo-i 5.78 x 106 

34 6 x lO"} 6.25 x lo-i 5.67 x 106 

35 6.25 x lo-i 6.50 x lo-i 5.55 x 10* 
36 6.50 x lo-i 6.75 x 10-1 5.43 x 106 ! 
37 6.75 x lo-} 7 x lo-i 5.31 x 106 
38 7 x lo-i 7.25 x lo-i 5.19 x 106 

39 7.25 x lo-i 7.50 x lo-i 5.06 x 10* 
40 7.50 x lo-i 7.75 x lo-i 4.94 x lOf 
41 7,75 x lo-i ft * L0"1 4.82 x 10* 
42 8 x 10-J 8.25 x lö-i 4.70 x 106 
43 8.25 x lO"} 8.50 x lo-i 4.58 x 106 

44 8.50 x lo-i 8.75 x lo-i 4.46 x 106 

45 8.75 x lo-i 9 x lo-i 4.34 x 10$ 
46 9 x lo-i 9.25 x lo-i 4.22 x 106 

(continued) 
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Table 2-8    (continued), 

Lower Energy Upper Energy Group Flux 
Group Boundary (MeV) Boundary Q(E)* 

47 9.25 x 10"1 9.50 x 10"1 4.11 x 106 

48 9.50 x 10"1 9.75 x 10-1 3.99 x 106 
49 9.75 x 10"1 1 3.88 x 106 

50 1 1.1 3.62 x 106 
51 1.1 1.2 3.22 x 106 
52 1.2 1.3 2.86 x 106 

53 1.3 1.4 2.54 x 106 
54 1.4 1.5 2.25 x 106 

55 1.5 1.6 2.00 x 106 

56 1.6 1.7 1.78 x 106 
57 1.7 1.8 1.59 x 106 
58 1.8 1.9 1.42 x 106 

59 1.9 2 1.27 x 106 
60 2 2.1 1.14 x 106 

61 2.1 2.2 1.02 x 106 
62 2.2 2.3 9.20 x 105 

63 2.3 2.4 8.32 x 105 

64 2.4 2.5 7.54 x 105 

65 2.5 2.6 6.87 x 105 
66 2.6 2.7 6.27 x 105. 
67 2.7 2.8 5.74 x 105 
68 2.8 2.9 5.28 x 105 
69 2.9 3 4.88 x 105 

70 3 3.1 4.52 x 105 

71 3.1 3.2 4.20 x 105 
72 3.2 3.3 3.92 x 105 

73 3.3 3.4 3.67 x 105 
74 3.4 3.5 3.38 x 105 
75 3.5 3.6 3.07 x 105 
76 3.6 3.7 2.80 x 105 

77 3.7 3.8 2.55 x 105 

78 3.8 3.9 2.33 x 105 
79 3.9 4 2.13 x 105 

80 4 4.2 1.86 x 105 
81 4.2 4.4 1.57 x 105 

82 4.4 4.6 1.32 x 105 

83 4.6 4.8 1.11 x 105 
84 4.8 5 9.39 x 104 

85 5 5.5 7.06 x 104 

86 5.5 6 4.66 x 104 

87 6 6.5 3.09 x 10* 
88 6.5 7 2.06 x 104 

89 7 7.5 1.37 x 104 

90 7.5 8 9.20 x 103 

formalized 
n/cm*-s-kW 

to a total E > 10 keV) neutron fl uence of 2.83 x 108 

at 1 m from core c enter. 
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The n/y dose ratio in rad tissue is 10 for free-field conditions near core 
surface and 7 in the glory hole with a steel litter. With 150 mm of n/y conver- 
ter material, this ratio can be changed by a factor of 50 from 10 to 0.2, as 
shown in Figure 2-24. In terms of neutron fluence per y dose, this ratio is 
4.48 x 10^ n/cm2 rad for leakage neutrons and 3.23 x 109 n/cm2 rad 
in the steel-lined glory hole. This ratio can be varied through proper shielding 
arrangements, and also varies significantly as a function of range. 

Experience has shown that induced electrical noise is not a problem at the 
APRF. Normal coaxial shielding techniques have proven to be adequate for experi- 
ments. However, unusual experiments involving high impedance or gains greater 
than 1,000 would warrant consultation with the facility staff regarding triaxial 
signal systems and types of grounds. 

2.3.4 Support Capabilities 

A professional and technical staff is available to guide, plan, and set up 
experiments, perform dosimetry, and assist in data acquisition. Each user pro- 
gram is assigned to a project engineer whose responsibility it is to provide 
technical and administrative consultation so that each program is completed 
satisfactorily and on schedule. Extensive electronic support equipment and a 
complete data-recording system are available at the facility. Staff engineering 
assistance is available so users can make the maximum use of this capability. 

Inciwt o» Convtrttr Shitid 

Figure 2-24. y/n dose (tissue) ratio versus 
converter shield thickness. 
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The APRF Transient Data Recording System is designed to record electrical 
transient data over frequency ranges of dc to 80 kHz and 400 Hz to 700 kHz. The 
system consists of three 14-track magnetic tape instrument recorders, FM and 
direct recorder electronics, time code and analog calibration systems, an assort- 
ment of signal-processing instrumentation, and an oscillograph for "quick-look" 
data display. Patch panels are provided in the instrument room for connecting 
any signal cable to any data channel. Trumpter triaxial patch plugs and cords 
are used for all low-level signals. 

Ten channels of B&F Model 1-700 universal signal conditioners are available 
to process thermocouple or strain-gage signals. Regulated strain-gage power sup- 
plies are rated at 100 mA, 1 to 30 V, and 1 to 50 mA in constant I operation. 
Three-step calibration relays are provided for automatic calibration. The strain- 
gage system will accept 1-, 2-, or 4-arm strain gages and up to 8-wire double- 
shunt calibration. 

Signal amplification is provided by 26 dc amplifiers (Dynamics Instrument 
Company Model 7514B) with the following characteristics: 

1. Differential input 

2. Input impedance, 10 Mß 

3. Frequency response, dc to 100 kHz, -3db 

4. Gain, steps 1 to 1,000 

5. Output V, ±10 V. 

The analog calibration system will provide a 3-point calibration (including 
zero) of 50 data channels, simultaneously, prior to a reactor pulse. This cali- 
bration system has the following features: 

1. Zero, 50%, 100Z of full-signal calibration levels 

2. Total calibration time less than 6 s 

3. Individually adjustable levels from 0.001 to 10 V 

4. Manual 0'* automatic stepping through the different 
bration levels 

ti- :ali 

5. Square-wave or dc output 

6. Shunt resistor calibration for strain gages and mV injec- 
tion for thermocouples and dc amplifier channels. 

Connector panels leading to the data system, with an assortment of cables, 
are available in the Reactor Building (East, North, and Northwest) and at the 
outdoor test pad. Each connector panel includes th? following connectors and 

cables: 

I 
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Connector Cable 

BNC 
HN 
BNC 
Triaxial 
Viking 4- ■pin 

RG-58 C, 50-ft 
RG-11 A, 75-n 
RG-62 B, 93-ft 
RG 108A Twinax, 
2-wire, shielded 

78-a 

Viking 13-pin  8-wire, shielded 

Quantity 

20 
10 
5 

10 
20 
10 

1 
Three 14-track instrumentation recorders are available for the recording of 

data. They are -equipped with medium-band heads giving a direct frequency 
response of 400 Hz to 700 kHz, and an FM response of dc to 80 kHz using IRIG 
wideband Group I frequencies. An IRIG-A time-code signal is recorded on each 
recorder for search and control purposes. One recorder is used for playback into 
either oscilloscopes or an oscillograph. The oscillograph is equipped with 14 
channels to display all data simultaneously cm a tape. 

No screen room is available. However, provisions can be made for adequate 
electrical shielding. 

APRF supporting electric equipment is as follows: 

Item 
Quantity 

Available 

i 

556 Tektronix Oscilloscope 
555 Tektronix Oscilloscope 
R7912 Tektronix Transient Digitizer 
PDF 11-05 DEC Computer 
Digital Lab Peripheral System 
Nuclear Data 4420 Dual Parameter Multichannel Analyzer System 
C-19 Oscilloscope Cameras 
200 Hewlett Packard Audio Oscillator 
575 Tektronix Curve Tracer 
56505 Power Designs Power Supplies 
890A Harrison Lab Power Supply 
2K10 Power Designs Power Supply 
261 Keithley Picoampere Source 
6601 Keithley Differential Voltmeter 
500 Keithley Megohmmeter 
1210-C General Radio Signal Generator 
1862C General Radio Megohmmeter 
Cu-2 Anadex Pulse Generator 
6613 Texas Instruments Pulse Generator 
6609 Texas Instruments Pulse Generator 
5 8A Hickok Tube Tester 
3440 Hewlett Packard Digital Voltmeter 
1212D 0RNL Pulse Generator 
184 Tektronix Time-Mark Generator 

3 
3 
1 
1 
1 
1 
5 
1 
1 
4 
1 
2 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 

(continued) 
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Item 
Quantity 
Available 

5244L Hewlett Packard Counter/Timer 
652A Hewlett Packard Sine-Wave Generator 
3400 RMS Meter 
241 Keithley Power Supply 
415B Fluke Power Supply 
454 Tektronix Oscilloscope 
531 Tektronix Oscilloscope 
RIDL 400-Channel Pulse Height Analyzer 
TC-200 Tennelec Linear Amplifier 
C-12 Oscilloscope Camera 

A zero-time pulse is available for external synchronization of circuits and 
oscilloscopes. The synch pulse is +20-V, 20—ß source impedance and will drive 
up to 20 oscilloscopes. The time interval between the synch pulse and the peak 
of the reactor pulse is approximately 125 ps for a 1.2 x 10*' fissions- 
yield pulse. 

Dosimetry is performed by the facility staff. Various neutron and y <*o- 
simetry systems are available, including S and fission foil counting, high- 
resolution spectrometers, y glass microdosimeters and miniature ion chambers, 
and active dosimeters (including PIN, diodes, and SEMIRAD). Specialized require- 
ments such as spectrum calculations can be arranged for, subject to prior 
negotiations. 

Light machine shop facilities can. provide limited service at the site. The 
APG central shop facilities for heavy mechanical work are available by special 
arrangement. Extensive experiment preparation rooms/laboratories, including a 
radiochemistry lab, a metallurgical lab, and a small electronics repair lab, are 
available. Office space, a small library, a conference room, a main technical 
library, and a photographic laboratory are also available. 

2.3.S Procedural Information 

Address technical and administrative inquiries to: 

Commander 
U.S. Army Aberdeen Proving Ground 
Attn:  STEAP-MT-R 
Aberdeen Proving Ground, MD 21005 
Telephone: Com. (301) 278-4881, 3204, 3970 

A/V 283-4881, 3204, 3970 

Dr. H.P. Yockey 
Dr. A.H. Kazi 
Mr. R.C. Harrison 
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Direct funding transfers to: 

Commander 
U.S. Army Aberdeen Proving Ground 
Attn:  STEAP-CO 
Aberdeen Proving Ground, MD 21005 
Telephone:  (301) 278-4520 

Approximately 3 months lead time for programs requiring several weeks, in- 
cluding time for approval of a written test plan, is required. Short programs 
can be accommodated on shorter notice as the schedule permits. It is essential 
that informal contact with the facility be established as soon as there appears 
to be a requirement. Cost and charges associated with the use of the reactor and 
the facility can be obtained directly from the facility. 

2.3.6 Applicability and Availability 

The APRF was built to support the U.S. Army radiation effects mission. Over 
the past several years investigations of prime interest have included radiation 
effects on propellants, ordnance, electronics and chemicals, vehicle shielding, 
neutron radiography, dosimetry, and health physics. The reactor has been used 
extensively in TREE experiments. 

A full operating staff and a limited professional staff are permanently 
assigned to the facility. The professional staff is not primarily oriented 
toward TREE investigations; however, they will provide assistance and technical 
consultation within the available limits of manpower and funding. The APRF is 
located at some distance from the main area of Aberdeen Proving Ground and from 
the nearer motels. The facility i3 about 1 hr from Friendship Airport in Balti- 
more and 14 hr from National Airport in Washington, D.C. It is necessary for 
experimenters to provide their own daily transportation. 

2.3.7 References 

1, "Army Pulse Radiation Facility," brochure available directly from APRF. 

2. Kar.i, A.H., "Fast-Pulse Reactor Operation with Reflector Control and a 
J06 mm Diameter Glory Hole," Nuclear Science and Engineering, 60:62-73, 
May 1976. 
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3. Kazi, A.H., T.A. Dunn, R.C. Harrison, and D.O. Williams, "Characteristics 
of Pulsed Fant Neutron-co-Gamma Ray Converters," Nuclear Technology, 
25:450-463,  March 1975. 

4. McGarry, E.D., A.H, Kazi, G,S. Davis, and D.M. Gilliam, "Absolute Neutron- 
Flux Measurements at Fast Pulse Reactors with Calibration against 
Californium-252," IEEE Trans. Nucl.  Sei., NS-3, 6:2002,  December 1976. 

5. Kazi, A.H., D. McGarry, and D.M. Gillian, "Standardisation of Fast Pulse 
Reactor Dosimetry," Proc. International Specialists Symposium on Neutron 
Standards and Applications, March 28-31, 1977, National Bureau of Standards 
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2.4 ARMY FAST BURST REACTOR FACILITY 

The Fast Burst Reactor (FBR) is a Godiva-type reactor that produces s neu- 
tron environment approximating a weapon environment. It is an all-metal, un- 
rsflected, and unmoderated critical asssembly in the form of a right-circular 
cylinder 8 in. in dia. and 7.6 in. high. The assembly contains a total mass of 
92.4 kg of fully enriched U (93.2% U-235) alloyed with 10 w/o Mo. Samples are 
irradiated external to the reactor core. Recently, it also has been used as a 
pulsed Y source. The neutron pulse is nominally 50-us wide (FWHM) and at the 
closest approach to the core offers a fast flux of about 6 x 10^ n/cm2 

per burst. When 'used as a y source, the pulse may be as wide as several hun- 
dred ys. 

A small axial cavity has been incorporated into the FBR design. At a later 
date (arter further testing), the use of this cavity will be permitted. It is 
expected that this cavity will allow experimenters to expose small experiments 
to doses 5 times larger than exposures external to the core. 

A thin-walled steel shroud approximately 8.75 in. in dia. and 10 in. high 
covers the fval assembly. The shroud, lined with B, serves a dual purpose by 
ducting forced cooling air over the fuel system and by diminishing the reactiv- 
ity contribution of moderating test samples placed external to the core. Typical 
turnaround time from burst to burst is about 90 min. Minimum turnaround time, 
without cell entry, is about 45 min. 

The FBR may be operated in the pulse mode or at a steady-state power of up 
to 5 kW. In a steady-state mode, it will produce the dose equivalent to a usual 
burst in about 15 min. 

! 

Figure 2-25 illustrates the reactor and facility building. The reactor is 
normally operated in a room 50 x 50 x 20 ft. For experiments too large for the 
reactor cell, the reactor may be moved to an outdoor operating site at a ground- 
level station. There are no features of the surrounding terrain (trees, hills, 
etc.) that limit the utility of the outdoor site. 

2.4.1 Operating Characteristics 

Maximum burst yield is 1 x 10*' fissions and has the following associ- 
ated with it: 

1. Total leakage neutrons 

2. Neutron tluence 1 in. from reactor 
shroud 

3. Peak y  dose 

4. Peak y <*°se rate 

^1.5 x 10 17 

•/7 x 1013 n/cm2 

(E > 10 keV) 

2 x 104 rad* 

1 x 10® rad*/8 

Pulse width and initial reactor period results of measurements utilizing fluor 
detectors placed external to the reactor are: 

* It is assumed the dose is in air. 
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1. Pulse width (FWHM) 

2. Initial reactor period 

Temperature characteristics are: 

1. Maximum temperature rise 

2. Maximum average temperature rise 

3. Cooling time (forced air) 

48 us 

16 us 

300-500°C 

150-250°C 

45 min 

Quantitative data on temperature-time profile are not available. 

Experiments having a reactivity worth of up to vT$2.00 can be accommodated. 
An assessment of sample reactivity worth will be made by the FBR staff for each 
experiment conducted. Peak reactivity insertion rate is $50/s, burst repetition 
rate is 1 per 75 min, and predictability is ±5%. 

2.4.2 Environment 

2.4.2.1 Fluence and Dose Maps 

Figures 2-26 through 2-28 are nomographs showing the total fast flux avail- 
able. The maximum y dose is about 10*R at the closest approach to the 
reactor. 

Detailed measurements of the neutron and y environment generated by the 
FBR were performed during September 1964 by the Santa Barbara Division of 
Edgerton, Germerhauser, and Greer, Inc. Neutron fluence and y dose measurements 
were made throughout the irradiation cell and in a corresponding volume around 
the reactor while in an outdoor operating location. Measurements were made in 
four basic geometries: 

1. 6-in. horizontal circle in the geometric midplane of the 
core and 6-in. vertical semicircles intersecting the ver- 
tical core axis 

2. 1-m horizontal circle and vertical semicircles 

3. Vertical traverses 1 m from the reactor axis 

4. Radial profiles from 6 in. to approximately 25 ft from 
the reactor core center. 

All data were normalized to a burst of 1.0 x 101* fissions (24.3*C AT). 
Data taken from those results are tc be used as a guide. If environmental data 
are required, measurements should be made at the time of the experiment. 

Neutron measurements were made using the foils listed in Table 2-9. Results 
of the neutron measurements are given in Tables 2-10 through 2-19, which tabulate 
the data as obtained from each of the several foil positions, and Figures 2-29 
through 2-41, which graphically display averages of the tabulated data. 
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Table 2-10. Neutron fluence > 3.0 MeV per 1.0 x 1Q16 
fissions (24.3°C AT) on 6-in. horizontal 
circle. 

Position 
Fluence (x 1011 n/cm2) (E > 3.0 MeV) 

(deg) Outdoor Indoor 

0 7.62 7.67 
12 7.45 7.67 
24 7.54 7.80 
36 7.51 7.80 
48 7.26 7.54 
60 7.23 7.47 
72 7.21 7.47 
84 7.18 7.47 
96 7.23 7.54 

108 7.26 7.47 
120 7.56 7.87 
132 7.67 8.20 
144 7.53 8.14 
156 7.34 8.14 
168 7.18 7.94 
180 7.32 7.94 
192 7.04 7.80 
204 6.99 7.87 
216 7.23 8.00 
228 7.54 8.34 
240 7.81 8.40 
252 7.73  * 8.47 
264 7.62 8.40 
276 7.70 8.34 
288 7.67 8.14 
300 7.45 8.07 
312 7.29 7.80 
324 7.31 7.67 
336 7.15 7.60 
348 7.45 7.74 

Average 7.40 7.89 

m 
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Table 2-11. Neutron fluence > 3.0 MeV per 1.0 x 1016 

fissions (24.3°C AT) on 1-m horizontal circle. 

Position 
(deg) 

Fluence 
(x lOlO n/cir>2) 
(E > 3.0 MeV) 

Position 
(deg) 

Fluence 
(x 1010 n/cm2) 
(E > 3.0 MeV) 

Outdoor Indoor Outdoor Indoor 

0 1.57 1.56 186 1.52 1.55 

6 1.59 1.52 192 1.52 1.50 

12 1.52 1.51 198 1.52 1.54 

18 1.53 1.48 204 1.50 1.52 

24 1.53 l.iO 210 1.54 1.49 

30 1.54 1.51 216 1.55 1.51 

36 1.52 1.48 222 1.54 1.50 

42 1.59 1.52 228 1.50 1.53 

48 1.52 1.49 234 1.54 1.53 

54 1.53 1.48 240 1.56 1.48 

60 1.49 1.48 246 1.56 1.50 

66 1.51 1.50 252 1.57 1.56 

72 1.52 1.52 258 1.59 1.54 

78 1.55 1.47 264 1.58 1.62 

84 1.49 1.48 270 1.55 1.53 

9G 1.55 1.49 276 1.54 1.58 

96 1.55 1.49 282 1.55 1.58 

102 1.53 1.49 288 1.51 1.53 

108 1.52 1.50 294 1.50 1.50 

114 1.52 1.44 300 1.55 1.54 

120 1.52 1.51 306 1.53 1.52 

126 1.45 1.46 312 1.54 1.51 

132 1.52 1.53 318 1.56 1.51 

138 1.48 1.51 324 1.51 1.52 

144 1.50 1.55 330 1,52 1.52 

150 1.48 1.51 336 1.43 1.53 

156 1.55 1.58 342 1.55 i.53 

162 1.56 1.57 348 1.54 1.53 

168 1.53 1.56 354 1.58 1.55 

174 

180 

1.54 

1.59 

1.55 

1.54 Average 1.53 1.52 
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Table 2-12. Vertical traverse of neutron fluence > 3.0 MeV per 
1.0 x 1016 fissions (24.3°C AT) at 1 m from reactor 
center. 

; .:» 

::. ---" 

Distance 
from 

Fluence (x 10^ n/cm^) (E > 3.0 MeV) 
i 

Floor (in.) Position la Position 2 Position 3 Position 4 Average 

Indoor 

6 4.33 4.16 4.07 4.18 4.19 
12 5.26 4.73 4.65 4.82 4.86 
18 5.88 5.60 5.49 5.72 5.67 
24 6.82 6.49 6.21 6.55 6.52 
30 8.21 7.75 7.48 7.55 7.75 
36 9.60 8.94 9.07 9.40 9.25 
41* 11.5 10.7 10.7 10.7 10.9 
46 12.7 11.8 12.0 12.4 12.2 
50 14.0 13.3 13.8 13.3 13.6 
54 14.7 14.8 lb.2 14.8 14.9 
58 15.9 16.4 16.3 15.5 16.0 
62 17.1 16.6 16.5 16.6 16.7 
65.5 15.2 15.2 15.2 15.2 15.2 
72 14.6 13.9 15.0 14.9 14.6 
76 13.2 13.2 13.2 13.5 13.3 
80 11.9 11.9 12.7 12.6 12.3 
84 11.5 11.1 11.1 11.6 11.3 
90 9.46 9.39 9.20 8.52 9.14 
% 7.53 7.81 7.90 6.76 7.50 

102 7.13 6.74 6.70 6.48 6.76 

Outdoor 

6 4.12 3.97 3.95 4.24 4.07 
12 4.87 4.76 4.54 4.87 4.76 
18 5.63 5.51 5.40 5.95 5.62 
24 6.64 6.52 6.32 6.70 6.55 
30 7.89 7.47 7.81 7.89 7.77 
36 9.29 8.83 9.37 9.29 9.19 
42 11.0 10.3 10.9 11.0 11.0 
46 12.3 11.5 12.3 12.3 12.1 
50 13.3 13.0 13.3 13.4 13.3 
54 14.8 14.4 14.8 14.7 14.7 
58 15.9 15.8 15.6 15.8 15.8 
62 16.9 16.9 16.7 16.9 16.9 
65.5 15.3 15.3 15.3 15.3 15.3 
72 15.0 14.6 14.2 14.5 14.6 
76 13.5 13.6 13.5 13.4 13.5 
80 12.2 12.4 12.2 12.1 12.2 
84 11.0 10.8 11.4 9.02 10.6 
90 10.0 9.52 9.83 8.41 9.40 
96 8.06 8.18 8.03 8.18 8.11 

102 6.62 7.07 6.76 7.87 7.03 

aThe positions referred to h« re are 90 degrees apart on a circle of 1-n i radius 
and centered at the reactor core. Position 1 is the sout heast directk >n with 
subsequent positions being 1 ocated clockwise around the circle. 
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Table 2-15. Neutron fluence above various threshold energies per 1.0 x 1016 fissions (24.3°C AT) on 
four vertical traverses 1 ni from core center, indoor. 

Distance pu239 Np237 U238 s32„ Ni58 "924 Al27 Thermal 
Above Wem2) (n/c»2) (n/(V) (n/cmO (n/cm?) (n/cm 2) (n/cm?) Neutron 

Floor (in.) (E > 10 keV) (E > 0.60 MeV) (E > 1.50 MeV) (E > 3.0 MeV) (E > 3.0 MeV) (E > 6.3 MeV) (E > 7.5 MeV) (n/cm?) 

Position 1« 

12 4.75  (10)t> 2.67  (10) 1.30 (10) 5.26 (9) 4.58 (9) 6.39 (8) 2.76  (9) 1.37  (9) 
24 6.38 (10) 3.59 (10) 1.79 (10) 6.82 (9) 6.69 (9) 1.01 (9) 3.68 (9) 1 37  (9) 
36 8.57 (10) 4.95 (10) 2.42 (10) 9.60 (9) 8.24 (9) 1.41 (9) 4,67 (8) 1.31  (9) 
54 1.23 (11) 7.24 (10) 3.81  (10) 1.47 (10) 1.32 (10) 2.16 (9) 7.39 (8) 1.51  (9) 
65.5 1.31  (11) 8.12 (10) 4.10  (10) 1.46 (10) 1.56  (10) 2.20 (9) 8.19 (8) 1.62 (9) 
72 1.32 (11) 8.18 (10) 4.08 (10) 1.52 (10) 1.46 (10) 1.86 (9) /.39 (8) 1.46 (9) 
80 1.17 (11) 7.00 (10) 3.38 (10) 1.19 (10) 1.31  (10) 1.60 (9) 6.09 (8) 1.39 (9) 
90 8.70 (10) 5,39 (10) 2.64 (10) 9.46 (9) 1.00 (10) 1.11 (9) 4.34  (8) 1.37  (9) 

102 6.53 (10) 3.92 (10) 1.90 (10) 7.13 (9) 7.12 (9) 9.88 (9) 3.19 (8) 1.35 (9) 

Position 2 

12 5.01  (10) 2.72 (10) 1.26 (10) 4.73 (9) 3.96 (9) 6.06 (8) 2.29 (8) 1.39 (9) 
24 5.93 (10) 3.11  (KM 1.75  (10) 6.49 (9) 5.73 (9) 9.36 (8) 3.51  (8) 1.46 (9) 
46 9.79 (10) 5.95 (10) 3.03 (10) 1.18 (9) 1.03 (10) 1.55 (9) 5.06 (8) 1.48 (9) 
62 1.36 (11) 8.06 (10) 4.25 (10) 1.66  (9) 1.58 (10) 1.92 (9) 7.74  (8) 1.48 (9) 
65. ii I.3i (11) 8.12 (10) 4.10 (10) 1.52 (9) 1.56 (10) 2.20 (9) 8.19 (8) 1.62 (9) 
72 1.20 (11) 7.32 (10) 3.95  (10) 1.39 (9) 1.39 (10) 1.95 (9) 7.40 (8) 1.43 (9) 
80 1.03 (11) 6.40 (10) 3.21  (10) 1.19 (9) 1.27 (10) 1.61 (9) 5.98 (8) 1.39 (9) 
90 8.19 (10) 5.19 (10) 2.63  (10) 9.39 (9) 9.76 (9) 1.14 (9) 4.71  (8) 1.43 (9) 

102 6.35 (10) 3.49 (10) 1.89 (10) 6.74 (9) 7.09 (9) 1.00 (9) 3.50 (8) 1.38 (9) 

Position 3 

12 .78 (10) 2.36 (10) 1.26 (10) 4.65 (9) 3.90 (9) 5.45 (8) 2.22 (8) 1.39  (9) 
36 8.12 (10) 4.40 (10) 2.35 (10) 9.07  (9) 7.89 (9) 1.17 (9) 4.48 (8) 1.39 (9) 
54 1.26 (11) 7.74 (10) 3.77 (IO) 1.52 (10) 1.36 (10) 1.8? (9) 6.70 (8) 1.40 (9) 
62 1.38 (11) 7.97 (10) 4.46  (10) 1.65 (10) 1.52 (10) 2.04 (9) 7i88 (8) 1.42  (9) 
65.5 1.31 (11) 8.12 (10) 4.10 (10) 1.52 (10) 1.56 (10) 2.2.) (9) 8.19 (8) 1.62 (9) 
72 1.25 (11) 7.E2 (10) 3.83 (10) 1.50 (10) 1.48 (10) 2.13 (9) 7.80 (8) 1.39 (9) 
80 1.14 (11) 6.32 (10) 3.46 (10) 1.27 (10) 1.31  (10)' '        1.09 (9) 6.13 (8) 1.39 (9) 
90 8.77 (10) 5.00 (10) 2.69 (10) 9.20 '9) 9.35 (9) 1.06 (9) 4.35  (8) 1.39 (9) 

102 6.23 (10) 3.55 (10) 1.88 (10) 6.70 (9) 6.84 (9) 9.90 (8) 3.32 (8) 1.39 (9) 

Position 4 

24 6.35 (10) 3.81 '10) 1.82 (10) 6.55 (9) 6.46 (9) 8.16 (8) 3.32 (8) 1.42 (9) 
46 1.07 (11) 6.31  (10) 3.21  (10) 1.24 (10) 1.16 (10) 1.61 (9) 5.77  (8) 1.44 (9) 
54 1.28 (11) 7.34 (10) 3.89 (10) 1.48 (10) 1.40 (10) 1.91 (9) 7.17 (8) 1.46 (9) 
62 1.40 (11) 8.61  (10) 4.41  (10) 1.66  (10) 1.59 (10) 2.21 (9) 8.30 (8) 1.46 (9) 
65.5 1.31 (11) 8.12 (10) 4.10 (10) 1.52 (10) 1.56 (10) 2.20 (9) 8.19 (8) 1.62 (9) 
72 1.42 (11) 7.23  (10) 4.16 (10) 1.49 (10) 1.50 (10) 1.96 (9) 7.72 (8) 1.46 (9) 
80 1.16 (11) 6.01 (10) 3.64 (10) 1.26 (10) 1.31 (10) 1.72 (9) 6.42 (8) 1.44 (9) 
90 9.05 (10) 5.36 (10) 2.82 (10) 8.52 (9) 9.01 (9) 1.19 (9) 4.80 (8) 1.39 (9) 

102 5.59 (10) 3.72 (10) 2.08 (10) 6.48 (9) 7.93 (9) 9.92 (8) 3.66 (8) 1.41  (9) 

Ver tical Traverse Av erage Values 

12 4.85 (10) 2.59 (15) 1.27 (10) 4.88 (9) 4.15 (9) 5.97 (8) 2.42 (8) 1.38 (9) 
24 0.22 (10) 3.50 (10) 1.79 (10) 6.62 (9) 6.29 (9) 9.20 (8) 3.51  (8) '.42 (9) 
36 8.35 (10) 4.67 (10) 2.39 (10) 9.33 (9) 8.06 (9) 1.29 (9) 4.57 (8) 1.35 (9) 
46 1.02  (11) 6.13 (10) 3.12 (10) 1.21  (10) 1.10 (10) 1.58 (9) 5.42 (8) 1.46 (9) 
54 1.26 (11) 7.44 (10) 3.82 (10) 1.48 (10) 1.36 (10) 1.96 (9) 7.17 (8) 1.45 (9) 
6' 1.38 (11) 8.21 (10) 4.37 (10) 1.66 (10) 1.57 (10) 2.06 (9) 7.97 (8) 1.45 (9) 
62.5 1.31 (11) 8.12 (10) 4.40 (10) 1.52 (10) 1.56 (10) 2.20 (9) 8.19 (8) 1.62 (9) 
72 1.30 (-11) 7.55 (10) 4.01  (10) 1.46 (10) 1.47 (10) 1.97 (9) 7.58 (8) 1.44 (9) 
80 1.20 (11) 6.44 (10) 3.42 (10) 1.23 (10) 1.30 (10) 1.65 (9) 6.15 (8) 1.40 (9) 
90 8.68 (10) 5.24 (10) 2.69 (10) 9.14 (9) 9.53 (9) 1.12 (9) 4.55  '8) 1.39 (9) 

102 6.18 (10) 3.67 (10) 1.94 (10) 6.76 (9) 7.00 (9) 9.93 (8) 3.42 (8) 1.38 (9) 
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Table 2-17. Neutron fluence above various threshold energies per 1.0 x 10*6 fissions (24.3°C AT) 
as a function of radial distance from core center, indoor. 

Distance 
from Pu239 Np237 U238 S32 Ni58 Mg24 A127 Thermal 

Core Center (n/cm?) (n/cm"-') (n/cm?) (n/cm?) (n/CTi2) (n/cm?) (n/c«2) Neutrgn 
(in.) (E > 10 keV) (E > 0.60 MeV) (E > 1.50 MeV) (E > 3.0 MeV) (E > 3.0 MeV) (E > 6.3 MeV) (E > 7.5 MeV) (n/W) 

0»a 

6 6.79 (12)b 4.31  (12)       ! 2.23 (12) 7.89 (11) 7.85 (11) 1.12 (11) 4.32 (10) 1.1    (9) 
9 2.08 (12) 1.48 (12) 8.44 (11) 2.89 (11) 2.80 (11) 3.92 (10) 1.48 (10) 1.35 (9) 

12 1.42  (IP) 8.55  (11) 4.51  (11) 1.66 (11) 1.71  (11) 2.39 (!0) 8.86 (9) 1.43 (9) 
15 8.88 (11) 5.14 (11) 2.92 (11) 1.09 (11) 1.10 (11) 1.52 (1C) 5.59 (9) 1.39 (9) 
21 4.13 (11) 2.36 (11) 1.39 (11) 5.59 (10) 5.31  (10) 7.74 (9) 2.80 (9) 1.40 (9) 
28 2.32 (11) 1.'2 (11) 7.62 (10) 3.14 (10) 3.08 (10) 4.52 (9) 1.49 (9) 1.42 (9! 
39.4 1.31  (11) 8..2  (10) 4.10 (10) 1.52 (10) 1.56  (10) 2.20 (9) 8.19 (8) 1.62 (9) 
59 5.56 (10) 3.40 (10) 1.76 (10) 7.74 (9) /.29 (10) -- 3.86 (8) 1.40 (9) 

117 1.80 (10) 1.07  (10) 5.28 (9) 2.17 (9) 1.8    (9) -- 1.26 (8) 1.43 (9> 
189 9.04 (9) 4.53  (9) 2.18 (?) 8.45 (8) -- -- 5.4    ('/) 1.31  (9) 
261 5.49 (9) 2.83 (9) 1.38 (9) 4.60 (8) — — 2.4    (7) 1.30 (9) 

120* 

6 6.79 (12) 4.31  (12) 2.23 (12) 7.39 (11) 7.85 (11) 1.12 (11) 4.32 (10) 1.1    (9) 
9 2.40 (12) 1.56  (12) 8.19 (11) 3.15 (11) 2.88 (11) 4.00 (10) !.48 (10) 1.37 (9) 

12 1.39 (12) 8.86 (11) 4.66 (11) 1.67 (11) 1.68 (11) 2.31  (10) 8.71  (9) 1.40 (9) 
15 9.36 (11) 5.68 (11) 3.06 (11) 9.25 (10) 1.08 (11) 1.53 (10) 5.57 (9) 1.41  (9) 
21 3.84 (11) 2.32 (11) 1.31  (11) 5.47 (10) 5.57 (10) 7.40 (10) 2.86 (9) 1.38 (9) 
28 2.32 (11) 1.40  (11) 7.67  (10) 3.17 (10) 3.02 (10) 4.54 (?) 1.57  (9) 1.38 (9) 
39.4 1.3. (11) 8.12 (10) 4.10 (10) 1.52 (lu) 1.56 (10) 2.20 (9) 8.19 (3) 1.62 (9) 
59 5.81 (10) 3.61  (1C) 1.86  (10) 7.90 (9) 7.35 (9) -- 3.79 (8) 1.32 (9) 

117 1.86 (10) 1.07 (10) 5.34 (9) 2.12 (9) 1.8    0) -- 1.05 (8) 1.38 (9) 
189 9.57  (9) 4.93 (9) 2.17 (9) 8.75 (8) -- -- 4.2    (7) 1.25 (9) 

1       261 5.61  (9) 3.02 (9) 1.82 (9) 5.01 (8) -- -- 1.6    (7) 1.21  (9) 

240* 

6 6.7S (12) 4.31  (12) 2.23 <\2) 7.89 (M) 7.85 (11) 1.12 (11) 4.32 (10) 1.1    (9) 
9 2.73 (12) 1.73 (12) 8.93 ili> 3.45 (11) 3.46 (11) 4.62 (10) 1.65 (10) 1.36 (9) 

12 1.59 (12) 9.81  (11) 5.36 (il) 1.88 (11) 1.92 (11) 2.54 (10) 9.20 (9) 1.34 (9) 
15 9.67 (11) 5.58  (11) 3.21  PI) 1.18 (11) 1.16 (11) 1.63 (10) 6.04 (91 1.43 (9) 
21 4.57 (11) 2.68 (11) 1.54 (11) 5.79 (10) 5.61 (10) 8.00 (9) 2.98 (9) 1.42 (9) 
28 2.32 (11) 1.33  (11) 7.83 (10) 3.01  (10) 3.22 (10) 4.76 (9) 1.69 (9) 1.43 (9) 
39.4 1.31 (11) ©     14     Oft» 

O.iC     \*o/ 4.10 (10) 1.52 (10) 1.56 (10) 2.20 (9) 8.19 (8) 1.62 (9) 
59 5.76 (10) 3.63  (10) 1.83 (10) 7.76 (9) 7.46 (9) „. 3.86 (8) 1.34 (9) 

117 1.96 (10) 1.11  (10) 5.46 (9) 2.19 (9) 1.8    (?) — 1.C9 (8) 1.36 (9) 
189 9.16 (9) 4.58 (9) 2.11 (9) 8.63 (8) -- -- 5.3    (7) 1.30 (9) 

I       261 6.57 (9) 2.67  (9) 1.31  (9) 4.90 (8) -- — 2.3    (7) 1.27 (9) 

R adial Profile Aver age Values 

i          6 6.79 (12) 4.31 (12) 2.23 (12) 7.89 (11) 7.85 (11) 1.12 (11) 4.32 (10) 1.1    (9) 
9 2.40 (12) 1.59 (12) 8.48 (11) 3.16 (11) 3.05 (11) 4.18 (10) 1.54  (10) 1.36 (9) 

12 1.47 (12) 9.07 (11) 4.84 (U) 1.73 (11) 1.77 (11) 2.41  (10) 8.92 (9) 1.39 19) 
15 9.31  (11) 5.47  (11) 3.06 (U) 1.06 (11) 1.11 (11) 1.55 (10) 5.73 (9) 1.41  (9) 

1        21 4.18 (11) 2.46 (11) 1.41 (U) 5.62 (10) 5.50 (10) 7.71 (9) 2.88 (9) 1.40 (9) 
23 2.32 (11) 1.38 (11) 7.81 (10) 3.10 (10) 3.11 (10) 4.64 (9) 1,58 (9) 1.41  (9) 
39.4 1.31 (11) 8.12 (10) 4.10 (10) 1.52 (10) 1.56 (10) 2.20 (9) 8.19 (9) 1.62 (9) 
59 5.71 (10) 3.56 (10) 1.82 (10) 7.80 (9) 7.37 (9) -. 3.84 (9) 1.35 (9) 

117 1.87 (10) 1.08 (10) 5.36 (9) 2.16 (9) 1.8    (9) .. 1.13 (91 1.39 (9) 
189 9.26 (9) 4.68 (9) 2.15 (9) 8.69 (8) .. -. 4.9    (7) 1.29 (9) 
261 5.89 (9) 2.84 (9) 1.51  (9) .84 (9) -- ■- 2.1    (?) 1.26 (9) 

•Zero degree S lying directly south with subset) uent degrees measu red clockwise on i horizontal plane located at the c ore center. 

*>*{12)* « 10 12 "(H)" ■ WH ; etc. 
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Table 2-18.    Neutren fluence above vcrious threshold energies per 1.0 x 1016 fissions (24.3°C AT) as 
a function of radial distance frou core center, outdoor. 

Distance 
from pu?39 Np237 U238 s3% Ni58 

Mg24, A127 Thermal 
Core Center (n/cm2) (n/cm2) (n/cm2) (n/cm2) (n/cm2) (n/cm2) (n/cm2) Neutron 

(in.) (E > 10 keV) (E > 0.60 MeV) (E > 1.50 MeV) (E > 3.0 MeV) (E > 3.0 MeV) (E > 6.3 MeV) (E > 7.5 MeV) (n/cm2) 

0»a 

6 6.78 (li)f 4.40  (12) 2.22 (12) 7.40 (11) 8.11  (11) 1.10 (11) 4.23 (10) 4.56 (8) 
9 2.52 (12) 1.47 (12) 8.22 (11) 3.01 (11) 3.13 (11) 3.92 (11) 1.47 (10) 4.99 (8) 

12 1.39 (12) 8.32  (11) 4.57  (11) 1.86 (11) 1.90 (11) 2.48 (10) 9.20 (9) 5.68 (8) 
15 1.00 (12) 5.58 (11) 3.02 (11) 1.06 (11) 1.15 (11) 1.56 (10) 6.08 (9) 6.18 (8) 
21 4.02  (11) 2.58  (11) 1.34 (11) 6.01  (10) 6.42  (10) 8.58 (9) 2.98 (9) 5.79 (8) 
28 2.27 (11) 1.49 (11) 7.63 (10) 3.32 (10) 3.29 (10) 4.62 (9) 1.52 (9) 5.95 (8) 
39.4 1.16 (11) 7.08 (10) 3.79 (10) 1.53 (10) 1.49 (10) 2.08 (9) 7.41  (8) 4.7    (8) 
59 6.04 (10) 3.61  (10) 1.73 (10) 7.71  (9) 7.55 (9) 9.48 (8) 3.82 (8) 4.5    (B) 

117 1.63 (10) 1.15 (10) 4.92 (9) 2.13 (9) 1.5    (9) 3.18 (8) 9.96 (7) 2.5    (8) 
189 6.",5 (9) 3.81  (9) 1.8G (9) 8.05 (8) -- — 3.7    (7) 1.6    (8) 
261 4.19 (9) 3.00  (9) 1.34  (9) 4.24 (8) — — -- 9.4    (7) 

120° 

6 6.78 (12) 4.49 (12) 2.22 (i2) 7.40 (11) 8.11  (11) 1.10 (11) 4.23 (10) 4.56 (8) 
9 2.36 (12) 1.39 (12) 7.88 (11) 2.42 (11) 2.86 (11) 3.63 (10) 1.37  (10) 4.72 (8) 

12 1.21 (12) 7.14 (11) 4.23 (11) 1.75 (li) 1.86 (11) 2.40 (10) 5.40 (9) 5.78 (8) 
1$ 8.54 (11) 5.48 (11) 2.83 (11) 1.06 (11) 1.07  (U) 1.43 (10) 5.28 (9) 5.18 (8) 
21 4.24  (11) 2,78 (11) 1.43 (11) 5.6- (10) 5.72 (10) 8.00 (9) 2.90 (9) 5.18 (8) 
28 2.18 (11) 1.36 (11) 7.42 (10) 3.14 (10) 3.38 (10) 4.49 (9) 1.44 (9) 5.42 (8) 
39.4 1.16 (11) 7.08 (10) 4.10 (11) 1.53 (10) 1.49 (10) 2.08 (9) 7.41 (8) 4.7    (8) 
59 5.73 (10) 3.63  (10) 1.82 (U)) 7.70 (9) 6.58 (9) 8.69 (8) 3.46 (3) 4.5    (8) 

117 1.F4 (10) -- 5.00 (9' 1.96 (9) 1.6    (9) 3.14 (8) 8.90 (7) 2.1    (8s 

1S9 6.98 (9) — 1.75 (9) 7.68 (8) -- -- '.i    (7) 1-7    (8) 
261 2.88 (9) — 6.81  (8) 3.86 (8) -■• 5.2    (7) 

240' 

6 6.78 (12) 4.40 (12) 2.22 (12) 7.40 (11) 8.11 (11) 1.10 (11) 4.23 (10) 4.56 (8) 
9 2.66 (12) 1.65  (12) 9.30 (11) 3.15 (11) 3.55 (11) 4.58 (10) 1.72 (10) 5.68 (8) 

12 1.42 (12) 8.81  (11) 4.69 (11) 1.90 (11) 1.94 (11) 2 45 (10) 9.10 (9) 6.08 (8) 
15 9.28 (11) 5.96 (11) 3.05 (11) 1.09 (11) 1.21  (11) 1.60 (10) 6.00 (9) 5.63 (8) 
21 4.40 (11) 2.86 (11) 1.46 (11) 5.91 (10) 6.22 (10) 8.56 (9) 3.08 (9) 5.92 (8) 
28 2.16 (11) 1.40 (11) 7.44 (10) 3.2« (10) S.26 (10) 4.70 (9) 1.66 (9) 5.38 (8) 
39.4 1.16 (11) 7.08 (10) 3.79 (IP) 1.53 (10) 1.49 (!0) 2.08 (9) 7.41 (8) 4.7    (8) 
59 5.87 (10) 3.78 (10) 1.82 (10) 8.33 (9) 8.14 (9) 1.07 {i) 4.04 (8) 4.4    (8) 

117 1.84 (10) 1.15 (10) 5.61  (9) 2.12 (9) 1.8    (9) 3.2    (8) 8.1    (7) 3.1    (8) 
189 6.89 (9) 3.73 (9) 2.01  (9) 3.34 (3, 6.5    (8) -- 3.3    (7) 1.8    (8) 
261 4.06 (9) 2.11  (9) 1.13 (9) 4.31 (8) -- -- -- ?.3    (7) 

S adia! Profile Ave rage Values 

e 6.78 (!2) 4.40 (12) 2.22 (12) 7.40 (11) 8.11 (11) 1.10 (11) 4.2; (10) 4.56 (8) 
9 2.51  (12, 1.60 (12) 8.47 (11) 2.85 (11) 3.18 (11) 3.91 (10) 1.52 (10) 5.13 (8) 

12 1.34 (12) 8.12 (11) 4.53 (11) 1.84 (11) 1.90 (11) 2.44 (10) 9.23 (9) 5.83 (3) 
15 9.28 (11) 5.67  (11) 2.<<7 (11) 1.07 (11) 1.14 (11) 1.53 (10) r.80 (9) 5.65 (8) 
21 4.22 (11) 2.74 (11) 1.41  (11) 5.85 (10) (>.12 (10) 8.36 (9) 2.94 (9) 5.73 (8) 
28 2.21  (11) 1.41  (11) 7.50 (10) 3.23 (10) .1.31 (10) (.60 (9) 1.54 (9) 5.59 (8) 
39.4 1.16 (11) 7.08 (10) 4.10 (10) 1.53 (10) 1.49 (10) 2.08 (9) 7.41 (8) 4.7    (8) 
59 5.88 (10) 3.7 (10) 1.79 (10) 7.91 (9) 7.26 (9) 9.03 (8) 3.77 (8) 4.J    (8) 

117 1.70 (10) 1.15 (10) 5.18 (9) 2.07 (9) 1.6    (9) 3.2    (8) 8.9    17) 2.6    (8) 
189 6.78 (9) 3.77 (9) 1.86 (9) 8.02 (8) .. — 3.7    (7) 1.7    (8) 
261 3.72 (9) 2.55 (9) 1.06 (9) 4.14 (8) -- '- 8.6    (7) 

*ifero degree s lying directly iouth with subseq uent degrees «easur ed clockwise on a hrrlzon'.al plane located at the c sre center. 
b*(12)" « 10 12; "(11)" • 10l 1; etc. 
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Table 2-19. Neutron energy spectrum as a function of radial distance from 
reactor center exprtssed in percent of neutrons above threshold 
energy and normalized to 100% above 10 keV. 

1 

Distance From 
Core Center 

(in.) 

Percent Above Measurement Foil Threshold 

Pu Np U S and Ni Mg 

Outside 

6 100 65 33 11.5 1.6 0.6 
9 100 64 34 12 1.6 0.6 

12 100 61 34 14 1.8 0.7 
15 100 61 32 12 1.6 0.6 
21 100 65 33 14 2.0 0.7 
28 100 64 34 15 2.1 0.7 
39.4 100 61 35 13 1.8 0.6 
59 100 62 30 13 1.6 0.6 

117 100 67 30 12 1.8 0.5 
189 100 56 27 12 - 0.5 
261 100 68 28 11 - - 

Inside 

6 100 64 33 12 1.6 0.6 
9 100 66 35 13 1.7 0.6 

12 100 62 33 12 1.6 0.6 
15 100 59 33 12 1.7 0.6 
21 100 59 34 13 1.8 0.7 
28 i 100 60 33 13 1.9 0.7 
39,4 100 62 31 12 1.7 0.6 
59 100 62 32 13 - 0.7 

117 100 58 25 11 - 0.6 
189 100 51 24 9.4 - 0.5 
261 loo i m 26 8.2 - 0.3 

Reference ( Watt 
Spectra  i Godlva 

100    83 
100    65 

53 
33 

21 
13 

2.1 0.8 
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Figure 2-29.    Average neutron fluence > 3.0 MPV on 6-in. horizontal circle. 
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Figure 2-34. Average neutron fluence above various threshold 
energies on 1-m horizontal circle, indoor. 
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Figure 2-35. Average neutron fluence above various threshold 
energies on 1-m horizontal circle, outdoor. 
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Figure 2-36. Average neutron fluence above various threshold 
energies on a vertical traverse 1 m from reactor 
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energies on a vertical traverse 1 m from reactor 
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Figure 2-38. Average neutron fluence above various threshold 
energies as a function of radial distance from 
core center, indoor. 
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Figure 2-39. Average neutron fluence above various threshold 
energies as « function of radial distance from 
core center, indoor. 
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Figure 2-41. Average neutron fluence above various threshold 
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Gamma dose measurements were made with TLD dosimeters, Ag-activsted phos- 
phate glass-rod microdosimeters, and chemical dosimeters. Measurencnts were made 
at positions similar to those used in the neutron measurements. Results are given 
in Tables 2-20 through 2-25 and Figures 2-42 through 2-46. As with the neutron 
data, the tables represent the data as obtained from the various dosimeter posi- 
tions and the curves graphically display averages of the tabulated data. 

Spectrum data are not available, but the neutron fluence data in Tables 2-15 
through 2-18 and in Figures 2-34 through 2-41 are presented in terms of thres- 
holds from which spectral data can be derived. The fluence measurements were 
made utilizing 7 different threshold foils. The n/y ratio is 4 x 10' n/ 
(cm^ (E > 10 keV) radj and can be varied through the use of proper shield- 
ing arrangements. 

Quantitative data en background radiation are not available. All cables are 
protected with suitable shielding. It is the experience jf the facility opera- 
tors that RF background noise poses no serious problems. 

2.4.3 Support Capabilities 

The prime mission of the laboratory is to provide facilities for U.S. Govern- 
ment agencies or their contractors Lo conduct experiments that require a nuclear 
radiation environment. Facility personnel operate the reactor and supply limited 
operational and working assistance. A professional staff, enhanced by .scientific 
and engineering personnel from university and college faculties, is available to 
support all experimental programs. 

Monitoring of electronic experiments is acomplished by cables, run through 
conduits from the reactor cell, or outdoor site, to an instrumentation room. The 
cable length from the reactor to the instrument racks in the instrumentation 
room is nominally 60 ft. Cables are permanently installed, terminating in patch- 
cord panels in both the reactor cell and the instrumentation room. This cabii 
installation consists of 40 RG-58 c/u, 10 RG-59 t/u, and 11 double No. 18 con- 
ductors. Extra conduits and cable pulling equipment are available for experi- 
menters to install additional cables as needed. 

Small experiments to be exposed between 6 in. and 48 in. from the reactor 
may be mounted on a table. The top of this table is '-i-in. pe&board. The experi- 
ment needs to be fastened so that it is mechanically stable. Large and/or heavy 
experiments must be supported by experimenter-supplied fixtures and must be 
mechanically stable. The support fixture should be designed to rest on a concrete 
portion of the floor. 

Experiments containing moving parts, liquids, or explosives require special 
consideration and, therefore, must be described in minute detail in the test 
plan. 

Various timing signals are available to allow the experimenter to coordinate 
data taking with the reactor burst. 
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Table 2-20.    y dose per  1.0 x 10*6 fissions (24.3°C AT) on 
6-in. horizontal circle. 

Position 

Exposure (R) 

Indoor Outdoor 

(deg) TLD Glass Rods TLD Glass Rods 

0 1536 1690 
12 1691 2015 
24 1591 1730 
36 1665 2009 
48 15C0 1670 
60 1649 1865 
72 1522 1640 
84 1546 1777 
96 1518 1670 

108 1674 1839 
120 1594 1690 
132 1819 1959 
144 1631 1620 
156 1623 1908 
168 1536 1620 
180 1674 1796 
192 1500 1610 
204 1776 1858 
216 1555 1571 
228 1895 1833 
240 1628 1583 
252 1836 1783 
264 1620 1567 
275 1794 1796 
288 1591 1599 
300 1828 1927 
312 1556 1535 
324 1639 1733 
336 1522 1604 
348 1708 1777 

Average 1674 1561 1858 1627 
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Table 2-23. y  dose per 1.0 x 1016 fissions (24.3°C AT) 
vertical traverse at 1 m from reactor axis. 

' ü 

Position la Posi tioti 2 Position 3 Position 4 
Distance 
Above Glass Glass Glass Glass 

Floor (in.) TLD Rods TLD Rods TLD Rods TLD Rods Average 

Indoor Exposure (R) 

6 11.0 12.8 11.0 12.7 11.9 
12 14.2 13.8 13.9 12.2 13.5 
18 15.4 17.2 14.7 16.1 15.9 
24 18.4 16.6 17.4 17.4 17.5 
30 19.2 20.4 19.5 21.2 20.1 
36 25.6 23.0 24.9 24.7 24.5 
42 29.2 27.6 26.6 28.3 27.9 
46 30.9 30.1 34.0 33.7 32.2 
50 33.7 32.3 37.0 34.7 34.4 
54 34.6 36.2 34.8 36.2 3C.4 
58 39.2 35.1 36.2 41.0    | 37.9 
62 36.8 38.9 38.7 44.5 39.7 
65.5 36.6 36.5 36.6 36.5 36.6 36.5 36.6 36.5 36.6 
72 44. S 46.3 41.1 37.4 42.3 
76 34.1 38.3 34.1 39.3 36.4 
80 33.0 32.5 34.9 33.3 33.4 
84 32.5 31.1 30.1 31.7 31.4 
90 26.0 30.0 25.3 31.7 28.2 
96 20.1 22.0 26.0 20.7 22.2 

102 18.9 21.1 17.5 24.4 20.5 

Outdoor Exposure (R) 

6 10.1 14.0 No data 20.1 14.4 
12 18.4 11.9 obtained 14.3 14.9 
18 16.4 22.1 16.4 18.3 
24 28.1 16.9 18.7 21.2 
30 20.1 23.1 24.7 22.7 
36 30.1 24.8 27.0 27.3 
42 29.1 29.1 32.8 30.3 
46 34.8 33.8 37.2 35.3 
50 34.7 35.8 37.8 36.1 
54 45.1 38.1 38.1 40.4 
58 39.8 39.1 ' 

44.5 41.1 
62 45.5 39.8 ' 1 1 

44.0 43.1 
65.5 37.1 39.9 37.1 39.9 37.1 39.9 37.1 39.9 38.5 
72 41.5 49.2 46.0 48.2 46.2 
76 42.9 39.fi 47.6 43.5 43.4 
80 37.8 42.1 44.7 37.3 40.4 
84 35.7 34.3 40.5 34.3 36.3 

!         90 29.3 27.8 31.0 30.2 30.4 
96 27.8 24.3 30.2 23.9 26.6 

102 21.1 18.3 21.5 23.0 20.7 

aThe positlo ns referred to here ar e 90 degrees apart on < i circle of 1-m i 'adius 
and center« <J at the reacto r core. Position I is in the * »outheast direct on with 
subsequent: positions locat ed cloc kwise around the circle ». 
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Utilities available at the reactor cell are listed in Table 2-26. Dosimetry 
equipment and instrumentation for the FBR are described in Table 2-27. 

Test requirements, including all the preceding considerations, along with 
experiment size and exposure levels needed, should be submitted at least 2 week' 
in advance of the scheduled test. This allows personnel concerned with the fore- 
going problems time to contact the experimenter to correct any evident problems 
before he leaves his facility for the White Sands Missile Range (WSMR). Failure 
to submit detailed requirements in writing 2 weeks in advance of the scheduled 
test date could result in delay of the test after the experiment er arrives. 

Authorization for photographic support must be obtained ftora the Missile- 
Range Administration. Professional photographic support is available at the WSMR 
facility. 

2.4.4 Procedure! Information 

The reactor is operated by the Army Missile Test *nd "valuation Nuclear Weap- 
ons Effects Branch. Technical and administrative inquiries should be addressed 
to: 

r '■ ; - 

J 
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Table 2- •26. Utilities available at the reactor cell. 

Utility Description Quantity Location 

Electrical outlet 208 V, 30 A, 
3-4» twist lock 
receptacle 

3 Inside 

Electrical outlet 125 V, 15 A, 
duplex receptacle 

10 Inside 

Electrical outlet 208 V, 100 A, 3-<fr, 
4-pole, Appleton-type 
receptacle 

8 Outside 

Electrical outlet 125 V, 15 A, duplex 
receptacle 

12 Outside 

Electrical outlet 440 V, 50 A, 3-*, 
4-pole, Appleton-type 
receptacle 

1 Outside 

Cable conduits 6-in. conduit 9 From reactor cell to 
outside ground level 

Cable conduits 6-in. conduit 4 From reactor cell to 
instrumentation room 

Compressed air 0.5-in. air lines at 
15 cfm, 100 psi, with 
quick-disconnect 
connectors 

2 Outside 

Communicaticn 

• 

Intercommunication 
system 

4 Outside 
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Table 2-27.    Dosimetry equipment and instrumentation for the FBR. 

Item Quantity 

400-channel, 4-input pulse-height analyzer ? 

y-spectroscopy system using a 3-in. x 3-in. Nal 
scintillation crystal 1 

Automatic sample-changing, ß-counting system 1 

Automatic data printout system 1 

2-pi gas-flow counting system 1 

Glass-rod microdosimetry system 1 

LiF thermoluminescent dosimetry system 1 

EG&G thermoluminescent dosimetry system 1 

Film dosimetry system 1 

Fission and threshold foil counting system with automatic 
sample changer Several 

Calibration sources Various 

4096-channel pulse-flight analyzer 1 

Li-drifted Ge solid-state detector 1 

Li-6 neutron spectrometer system 1 

He-3 neutron spectrometer system 1 

Nuclear Effects Directorate 
Attention: STEWS-TE-AN 
White Sands Missile Range 
KM 88002. 

Telephone contact can be made with Mr. A. De La Paa or Kr. L.L. Flores at 
(915) 678-1161. 

A lead time of approximately U weeks is required for scheduling. However, in 
advance of a firm scheduling commitment, an experiment test plan must be sub- 
mitted and approved. 

Cost and charges associated with use of the reactor and facility can be 
obtained directly Irom the technical coordinator. The shipping address is: 

Transportation Officer 
Attention: Nuclear Weapons Effects Division 
White Sands Missile Range 
New Mexico 88002. 

m 
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Classified mailing and shipping addresses are to be arranged through proper 
channels on an as-needed basis. 

2.4.5 Applicability and Availability 

The FBR is one component of a laboratory whose specific mission is to provide 
facilities for U.S. Government agencias or their contractors to conduct experi- 
ments that require nuclear irradiation. The reactor is readily available and 
amenable to TREE experiments. The laboratory is capable of carrying out, on a 
project basis, complete or partial experimental programs. A full operating staff 
is permanently assigned to the facility> although the professional staff is not 
extensive. However, scientific and engineering personnel from university and 
college faculties are available to support experimertal programs. 

The facility is located within the confines of the WSMR. Operations may 
involve considerable commuting distance between available overnight accommoda- 
tions a: d the site, arrangements for daily transportation must be made by the 
experimenter. If the facility has to be used during other than normal working 
hours, such arrangements must be made in advance. 

2.4.6 References 

1. "Characteristics of Nuclear Effects Branch Radiation "ar.ility and Operational 
Proceduresj" memorandum, Army Mis3Üe Test and Evaluation Directorate, March 
1966. 

2. Humpherys, K., W. Quam, C. Kainbolt, R. Durkee, and T. Dahlstrom, Nuclear 
Radiation Dosimetry Measurements of the White Stands Missile Range Fast Burst 
Reactor,  January 1965, 
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2.5 WHITE SANDS MISSILE RANGE STEADY-STATE 
NEUTRON GENERATOR 

2.5.1 Characteristics 

The Neutron Generator (SNG) of the Nuclear Weapon Effects Branch (NWEB) is a 
Texas Nuclear Corporation Model 9905. It can be used to produce monoentrgetic 
neutrons of either 14 or 2.6 MeV by the use of tritium or deuterium targets. It 
also can be used in a pulsed mode. 

2.5.2 Operating Characteristics 

Minimum target-ro-sample separation is 5 mm. Multiple (5-target) assembly 
allows rapid switching to new target and switching between 2.6 and 14 MeV neu- 
trons. Typical target life is 5 mA hr. Steady-state mode operating characteris- 
tics are: 

14 MeV 

High V 
Beam I 
Isotropie output 
Useable flux 

2  x 

150 kV 
2 mA 

ion n/s 
1.5 x  1010 n/cm2/s 

2.6 MeV 

150 kV 
2 mA 

8 x 108 n/s 
6 x 107 n/cm2/s 

Pulse mode operating characteristics are: 

Pulse width (continuously variable) 
Repetition rate (continuously variable) 
Residual beam 
Beam I 
Output at 1 mA 
useable flux (14 MeV) 
Useable flux (2.6 MeV) 

2.5.3 Environment 

1 ps to 10^ ps 
10 to 105 pps 
6 x 10"4Z of peak 
Up to 1 mA 
1011 n/s 
7 x 109 n/cm2/s 
3 x 107 n/cm2/s 

The SNG can be used for radiation effects testing or as part of a complete 
activation analysis system, which includes pneumatic transfer systems, with dial 
two-axis rotator, 400-channel analyzers (RIDL 34-12B and TMC 404), single-channel 
analyzers, and a radiochemical laboratory. The SNG also can be used for neutron 
radiography, and a  photoprocessing laboratory is available. 

2.5.4 Support Capabilities 

The prime mission of the facility is to support experimenters and, when 
available, to provide necessary personnel and equipment for full operational and 
working assistance. Facility personnel operate the SNG. The limited professional 
steff, enhanced by scientific and engineering personnel from university and col- 
lege faculties, is available to support all experimental programs. 

Extensive electronic equipment and support components are maintained for use 
by NWEB SNG experimenters. Instrumentation trailers equipped for monitoring and 
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recording experimental data are available on a contractual basis. Adequate 
facilities and space are available for the experimenter to utilize his own 
instrumentation trailers. 

Neutron dosimetry for 14-MeV neutrons (tritium target) is Cu or Al activation 
foil. At 2.6 MeV (deuterium target), S activation foils are used. The accuracy 
of -ihe dosimetry is ±10%. Threshold neutron activation foils (Pu, Np, U-235, 
U-238, Th, S, Ni, Fe, Mg, Al, Mn, Au, Na) are available. For more complete tech- 
nical details! see Dosimetry Technical Report 69-1, Fast Neutron Dosimetry for 
the 150-kV Te.as Nuclear Neutron Generator (SNG). This report is available from 
NWEB. 

Light machine shop facilities, as well as experiment preparation labora- 
tories, personnel offices, security storage, and conference rooms, are available 
at the facility. 

Authorization for photographic support must be obtained from the Missile 
Range Administration. Professional photographic support is available at the 
facility. 

The SNG test cell is approximately 6mx6mx6m high. Signal cables from 
the test cell, are strung through underfloor conduits to the instrumentation room 
or a screen room (see Figure 2-47). 

Cost and charges associated with use of the NWEB SNG and facility can be 
obtained directly from the technical coordinator- The shipping address is: 

Transportation Officer 
White Sands Missile Range 
NM 88002 
Attention: Nuclear Weapons Effects Directorate 

Classified mailing and shipping addresses must be arranged for through proper 
channels, on an as-needed basis. 

11 
'i 
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2.6 SANDIA PULSE REACTOR (SPR-II) 

2.6.1 General Characteristics 

The SPR-II is an all-metal, unreflected, and unmoderated critical assembly 
in the form of a right-circular cylinder, 8 in. in dia. and 8.2 in. high. The 
assembly contains a total mass of 105 kg of fully enriched Ü (93.2% Ü-235), al- 
loyed with 10 w/o Mo. A 1.5-in. dia. "glory hole" extends vertically through the 
center of the core, facilitating internal as well as external irradiation of 
small test samples. It is at the midplane of the glory hole that the principal 
performance criterion, »^lO^ n/cm* (E > 10 keV) for 
burst, is defined. 

a maximum yield 

A thin-walled Al shroud approximately 8.75 in. square and 17 in. high covers 
the fuel assembly. The shroud, coated wich B, serves a dual purpose in ducting 
forced cooling gas over the fuel system, thereby achieving relatively efficient 
cooling; and, second, it diminishes the reactivity contribution of moderating 
test samples placed external to the reactor. Cooling reduces the maximum delay 
time between bursts to 2 hr. 

The reactor is capable of operating in either the pulse mode or at a steady- 
state power of up to 5.0 kW for several hours. Steady-state operation is mini- 
mized, however, because it produces large fission product inventories in the 
core. 

Data presented here are from data obtained by Sandia Laboratories in an 
effort to characterize the output and environment generated by the SPR-II. 

2.6.2 Operating Characteristics 

The burst energy release is characterized by the temperature rise in the 
fuel. A standard SPR-II burst produces about a 350 to 400 C temperature 
rise (maximum). Measured characteristics for a typical (3Q0°C) and various 
power runs are given in Tables 2-28 and 2-29. Peak power level is approximately 
89,000 MW. 

Pulse width varies inversely with burst size; the larger the temperature 
excursion, the narrower the pulse. Figure 2-48 shows the relationship between 
pulse width and pulse yield. Figure 2-49 depicts 3 different burst profiles, as 
measured with a photodiode. 

Cooling time is approximately 1 hr, depending upon the size of the operation. 

Measured data regarding the tolerable reactivity worth of experimental sam- 
ples indicate the following: 

1. The protective shroud around the fuel material isolates 
the reactor from the experiments placed external to the 
core. 
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Table 2-28. Neutron fluences. 

Neutron Fluences 
Location Operation >10 keV 

6H Burst3 7.25 x 1014 

6H Power Run (PR)b 1.44 x 1015 

6 in. from core Burst 5.92 x 1013 

6 in. PR 7.79 x 1013 

12 in. Burst 1.39 x 10j3 

12 in. PR 1.98 x 10}3 

24 in. Burst 4.74 x lO1^ 
24 in. PR 4.88 x 1012 

a300°C AT burst 
b4.5 x 106 W/s pov« sr run. 

Table 2-29. y dose*, rad (H20). 

TLD 200 TLD IOC 
Location Operation (CaF2 - Mn) (LiF) Ag3P04 

GH Burst5 1.46 x 105 (1.134 x 105)6 1.61 x 103 

GH Power Run 1  (PR1)C 2.06 x 105 2.34    x 105 2.14 x 105 

GH Power Run 2 (PR2)d (1.58 x 105)e 2.35    x 105 2.36 x 105 

0 in. from shroud Burst 1.92 x 104 2.13    x 104 1.77 x 104 

0 in. PR1 2.35 x 104 3.08    x 104 1.97 x 104 

0 in. PR2 2.66 x 104 3.21    x 104 2.43 x 104 

6 in. Burst 3.12 x 103 5.28    x 103 .... 

6 in. PR1 3.50 x 103 6.28    x 10J — 

6  in. PR2 4.01 x 103 6.38    x 103 

12 in. Burst 1.34 x 103 (5.02    x 103)e 

12 in. PP.1 1.49 x 103 3.69    x 103 ... 

12 in. PR2 1.53 x 103 3.%    x 103 — 

aOoses for PR1 have been multiplied by 3. D for ease of com pari sen. 

b300°C AT burst. 
c18 kU-min power run. 

^54 kki-min power run. 

inconsistent with other data. 
fCorrespond* to 1-MeV y fluence of 3.2« x IQ" Y/C«2. 
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2. Samples placed within the glory hole are very strongly 
coupled to the reactor. Measurements have been made 
regarding the reactivity worth of various sample materi- 
als in this position. 

An assessment of sample reactivity worth will be made by the reactor staff 
for each experiment conducted. 

Reactivity insertion rate is approximately $10/s. 

Burst frequency is approximately 1 burst/2 hr, depending on the size of the 
burst. 

2.6.3 Environment 

Measurements of the neutrons and ys generated by SPR-II in the glory hole 
and around the outside of the reactor are presented here. 

Neutron measurements were mad? utilising threshold foils and fission-couple 
detect 's. The results are shown in Figures 2-50 through 2-54 and Table 2-28. 
The measurements were made essentially in a free-field condition; i.e., there 
were no spectrum-'perturbing experiments near the reactor during the measurements. 
Therefore, the values given should be representative of any free-field location 
in the reactor room. Table 2-30 shows the relative uniformity of the fluence at 
a position 15 in. from core center as shown in Figures 2-55 and 2-56. 

Absorbed y dose measurements were made with AgjPO^ glass. The measured 
data were corrected for the neutron sensitivity of the glass in the SPR-II spec- 
trum and also corrected to rad (water) using an assumed y energy spectrum. The 
results characterizing the SPR-IT y environment are presented in Figures 2-57 
through 2-59 and Table 2-29. 

Measurements imply that fluence and dose levels are approximately linear 
with fuel temperature rise. 

Neutron spectra measurements were made in the fclory hole and outside the 
core. The results are shown in Figure 2-60 and from foil measurements in Tables 
2-31 and 2-32. 

Recent measurements show the variation of the n/y ratio with position and 
types of reactor operation. Measurements were made using S foils to determine 
neutron fluence n/cm^ (E > 10 keV), and 3 types of y dosimetry were used 
to measure the absorbed dose (see Tables 2-28 end 2-29). AgjPfy data below 
4.4 x 10^ rads (at 6 in. and 12 in. from the shroud) could not be resolved. 
The TLD 100 values are consistently higher than the TLD 200 (Mn-activated) 
values because of neutron activation of 6L in the TLD 100 samples. The n/y 
ratios are given in Table 2-33. The TLD 200 data and some of the Kg^U iat* 
from this table are shown graphically in Figure 2-61. 

Possible sources of error include positioning error of successive dosimetry 
packages, shadowing effects, and faulty dosimetry. 
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Figure 2-54. Thermal neutron fluence (En > 0.4 eV) as a function 
of distance from the reactor vertical center line at 
57.5 in. above the floor for a 200°C burst. 

Table 2-30. Relative fluence profile 15 in. from reactor center line.3 

4 

i 

Vertical Location 
(in. from midplane) 

Relative Horizontal Location (deg) 

e 
-9.55 0 +9.55 

+6 

+3 

0 Z 

-3 

-6 

0.740 

0.862 

0.964 

0.922 

0.867 

0.767 

0.842 

0.925 

1.0 

0.878 

0.741 

0.897 

0.S28 

0.961 

0.892 

Fluence map is symmetrically located with respect to 
two support posts. It should be emphasized that the 
geometric volume enclosed by the exposure area and the 
reactor center line did not include the support posts. 
The flux is attenuated by as much as 40% at a position 
directly behind a post. 
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Figure 2-55.    Horizontal placement of dosimeters. 
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Figure 2-56. Vertical placement of dosiMeters. 
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Figure 2-59. y dose on the glory hole center line as a 
function of vertical distance from the top 
edge of the glory hole for a 200°C burst. 
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Figure 2-60. Comparison of the glory hole and 2.5-cm spectra, 
proton recoil measurements. 
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Table 2-31.    Neutron spectrum at external position 1 in. 
above shroud on vertical center line. 

Threshold Energy (MeV) 
Fraction of Neutrons 

Above Threshold Energies 

Total fast fluence 1.0 
0.6 0.685 ± 0.055 

1.5 0.340 ± 0.030 

3.0 0.100 ± 0.006 

Table 2-32. Glory hole neutron spectrum. 

Threshold Energy (MeV) 
Fraction of Neutrons 

<\bove Threshold Energies 

Total fast fluence 1.0 
0.6 0.740 ± 0.75 

1.5 0.285 ± 0.030 

3.0 0.117 ± 0.009 

Table 2-33. n/y ratios (I0y n/cm2-y rad (H20)). 

n/y 
TL0 200 TLD 100 

Location Operation (CaF2 - Mn) (LiF) (Ag3P04) 

GH Burst 
PRiD 

4.18 (5.379)3 3.79 
GH 3.09 2.72 2.97 
GH PR2C (4.06)a 2.73 2.73 

0 in. from shroud Burst 6.51 5.87 7.06 
0 in. PR1 5.59 4.29 6.70 
0 in. PR2 4.92 4.08 5.39 
6 in. Burst 6.44 3.81 ... 

6 in. PR1 5.5/ 3.11 -- 

6 in. PR2 5.04 3.17 — 

12 in. Burst 6.07 (1.62}a — 
12 in. PR1 5.23 2.01 -- 

12 in. PR2 5.04 2.06 -- 

inconsistent with other data. 
b18 kW'-min power run. 
c54 kW-min power run. 
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Figure 2-61. n/y ratios as a function of operation. 

At any given experiment location in or around the SPR-IT., the n/y ratio is 
higher on a burst operation than on a power run of equivalent nsutron fluence 
because of the delayed y dose associated with the extended exposure time 
required on a power run. A iong power run at low power results in fewer n/y 
than a short powar run at high power (with the total number of kW-min equal in 
b >th cases) because a smaller fraction of delayed y Is emitted during the 
exposure time of the short power run. 

The n/y ratio on a 1-kW 54-min power run is 21.5 to 24.5X lower than aa 
equivalent burst operation at each location investigated. 

The experiment location that provides the higher; n/y ratio is just out- 
side the reactor Rbroud. This location provides a ratio approximately 55X greater 

i 
4 

I" 
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th?n in the glory hole. At a position 12 in. from the shroud (on the core mid- 
plane), the ratio is 45% greater than in the glory hole. 

The experience of the facility operators indicates that RF background noise 
poses no serious problem. 

An analysis of the errors and uncertainties associated with the resulting 
neutron and y data was performed by the Sandia Laboratories. This analysis 
established that the uncertainties associated with any i measurement point are 
at worst ±12%. This uncertainty is inherent in any spectral and fluence meas- 
urements because of contributing factors relating to detector calibration and 
positioning, cross-section information, signal measurement, and foil counting. 
The singular and overall uncertainties associated with the reported Sandia data 
are typical and representative of the present state of the art. 

t. 

4 

* 

2.6.4 Support Capabilities 

With the exception of radiological and tor.icological safety services of the 
Sandia Laboratories Dosimetry Counting Laboratory, Sandia personnel should not 
be expected to provide scientific, technical, or engineering consulting services 
or support to non-Sandia users of the pulse reactor. 

The primary service provided by Sandia for the experimenter/user is a nuclear 
radiation environment from the pulse reactor. The Sandia technical staff is 
available for consulting services only on an occasional and limited basis, 
unless special contractual arrangements are made. If experiments involve radio- 
active or toxic substances, a Sandia health physicist is assigned the responsi- 
bility of regulating personnel exposures and ensuring that proper handling 
procedures are employed. 

Utilities available inside the reactor cell include: 

1. Compressed air 4 CFM at 100 psi 

2. Electrical power 40 kVA, 120 V, 1 <j> 

3. Water drain 3-in. gravity flow. 

Around the inside periphery of the cell are 9 electrical patch panels. Three 
of these are paired with identical panels outside the cell at trailer parking 
stations and 4 are connected with panels inside ehe instrumentation building. 
The other 2 are used by reactor operations. Each of the 7 experiment boxes pro- 
vides RG-58B/U coaxial cables, No. 14 signal wires, a ground bus, and an empty 
4-in. conduit for the experimenter to pull his own cables when desired. 

Near the patch panel at each trailer station, 208-V, 3-$, 100-A electrical 
pover is available through an Appleton AEEA-10476 connector. Also, each trailer 
station has a 120-V, 1-Q, ac supply, terminated in four 3-prong convenience 
outlets. Instrumentation cables, which must be provided by the experimenter, may 
be laid along the ground between the outer patch panel and the recording trailer. 
Equipment to be used within the reactor room must be wired for remote operation 
since personnel are not permitted insids the reactor room while the reactor is 
running. 
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Any cable reaching from the reactor to the patch panel should be at least 
20 ft long. Any cable pulled through the patch panel conduit should be at least 
45 ft plus the desired length outside the cell. 

An instrumentation building located immediately adjacent to the reactor 
building houses permanently installed data-fathering and analysis equipment. 
Dual-beam oscilloscopes with automatically actuated cameras, power supplies of 
various voltage and current ratings, and several types of amplifiers are avail- 
able. Space is also available for the experimenter to set up his own special 
equipment. Cables should be 65 ft long to reach from the reactor to the oscillo- 
scopes or tape recorder in the instrumentation building. 

No screen room is available at the facility; however, provisions can be made 
for adequate electrical shielding. 

Sandia Laboratories Field Test Organization has located several instrumenta- 
tion vans in TA-V to support the reactor facilities. This support capability is 
available to perform data acquisition functions. 

Timing triggers for pre-burst and post-burst and signals relative to burst- 
peak can be furnished, if required. 

Dosimetry data can be provided by the Sandia Laboratories Dosimetry Counting 
Laboratory. Standard foil techniques are used for neutron measurements. Class- 
rod dosimetry is used for y measurements. 

Calculational facilities are available at the SPR site. The Sandia Labora- 
tories Computational Laboratory, although not normally available to non-Sandia 
users of the SPR, may be utilised on a limited basis by prearrangement. A termi- 
nal is available in TA-V which inputs the CDC 6500s and 7600 for unclassified 
programs. Various outputs are available. 

The TA-V Data Acquisition and Display System (DADS) is located near the SPR 
facility. This system, built around the EMR 6130 digital computer, accepts either 
digital or analog inputs from remote consoles. Digital or analog outputs are 
available «n a CRT display, magnetic tape, or in printed form. The DADS is avail- 
able to all SPR experimenters. One of the remote consoles is located at the SPR 
facility. 

Light machine shop facilities and experiment preparation and setup labora- 
tories are available. Limited photographic equipment and oscilloscope cameras 
and film are readily available. Please check with security before bringing photo- 
graphic equipment into the area. 

2.6.5 Procedural Information 

Technical and administrative inquiries related to the use of SPR-ll should 
be directed to: 
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Reactor Applications Division 
Organization 5451 
Sandia Pulsed Reactor Facility 
Sandia Laboratories 
P.O. Box 5800 
Kirtland Air Force Base (East) 
Albuquerque, NM 87115 
Telephone;  (505.) 264-2361 or 264-1272 

A final plan of experiment must be submitted 4 weeks in advance of antici- 
pated use of the facility. The format to follow in submitting this plan is shown 
in Figure 2-62. Scheduling of reactor time is not considered until final approval 
of the contract and the plan has been received. 

Costs and charges associated with use oc the facility are documented and 
available directly from Sandia Laboratories. The shipping address is: 

Supervisor, Organization 5451 
Sandia Laboratories 
P.O. Box 5800 
Xirtland Air Force Base (East) 
/.lbuquerque, NM 87 J15 

2.6.6 Applicability and Availability 

The SFR-II provides a transient radiation environment readily applicable to 
TREE experiments. The facility is available to agencies of the DoD and to private 
enterprises having DoE or DoD contracts requiring the use cf the reactor. The 
reactor is available on the basis of noninterference with Sandia programs. The 
reactor facility is located in an isolated experimental area 6 miles south of 
the main Sandia Laboratory, making it necessary for experimenters to provide 
their own transportation. 

2.6.7 Security Clearance 

Security clearances are required to gain unescorted access to the SPR facil- 
ity. Visitors with a Q-ciearance or a DoD Secret clearance with a Restricted 
Dat.« certification may have unescorted access to the SPR-II. Visitors without 
the above clearances must be escorted while in the security area. Visitor Control 
must be contacted to arrange for access to the laboratory. 
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Date  

TO:   J. A. Snyder, 5451 

FROM: 
(Kesponsiblo Project Leader) 

Other participants  

Building 6591   Ext.  264-1272 

Org.      Ext.  

This experiment has been discussed with SPR personnel and the 

scheduled dates are: 

Title 

Objective 

Security Classification 

Procedures 

Items to be exposed (qty., wt., mat Is, dimensions, etc.) 

I 

Radiation levels and total number of SPR operations required 

Experimenter Signature  

Reviewed and Approved by SPR Supervision^ 

Reviewed by Committee  

(Date) 

~~~~"" ~~~" ———  —- — ——j rfc^-j 

Arrange for Are* V access and submit plan as soon as possible 

after scheduled reactor time has been verbally confirmed. 

NOTE:  EXPERIMENTAL SETUP 10R IRUADIATION, AND REMOVAL, WILL NOT 

BE DONE BY OPERATIONS PERSONNEL. 

Figure 2-62.    Sandia pulse reactor facility experiment plan. 
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2.7 LAWRENCE LIVERMORE LABORATORY 
SUPER KUKLA PROMPT BURST REACTOR 

2.7.1 General Characteristics 

i 

Super Kukla is an all-metal unreflected, unmoderated, fast reactor in the 
form of a hollow right circular cylinder 30 in. tn dia. with a variable height 
which is nominally 37 in. at critical. The hollow cere contains a central irradi- 
ation cavity 18 in. in dia. and 30 in. high. Samples may be irradiated either 
within the cavity or at any of several external positions. The top cylinder may 
be closed with a 6-in, chick W plate which both reflects neutrons and supports 
an associated samole container. Tht:. reactor contains approximately 4,500 kg of 
enriched U (20% U-235) c.iloyed to 10 w/o Mo. The reactor ».'as built primarily to 
provide a pulsed isotrjpic fast-neutron source throughout a relatively large 
experimental volume. The low U-235 enrichment and the large core 3ize produce a 
prompt neutron lifetime that is much longer than for smaller highly U-235 
enriched reactors, therefore producing a considerably longer pulse width. 

A maximum power burst causes a measured core temperature rise of approxi- 
mately 285°C and a peak core temperature rise of approximately 500°C. Due to 
limited core cooling capability, the burst repetition rate for bursts producing 
a measured core temperature rise in excess of 100°C is limited to 1 burst per 
day. However, extensive experimentation is conducted utilizing bursts producing 
measured temperature rises less than 100°C, thereby increasing the burst repe- 
tition rate. 

2.7.2 Operating Characteristics 

Maximum burst yield is 5.0 x 10'° fissions. Maximum burst yields 2.0 x 
10*5 n/cm^ (E > 10 keV) fluence isotropically (radial uniformity ±5%) 
within the exposure cavity, with «^5 * 10*** n/cwr/a peak neutron flux 
(E > 10 keV). Maximum burst yields 2.7 x 10^ rad "/ dose in the sample 
cavity with «/7 x 10" raJ/s peak Y flux. 

The pulse width is burst-yield dependent, ranging from «T400 \is to several 
as. The corresponding reactor periods may vary from ^100 us to more than 100 
ms. Figure 2-63 depicts typical pulse shapes as a function of burse yield. 

Maximum measured core temperature rise is 285°C for a 5.0 10 18 burst. 
The relationship between total fission« produced and measured core temperature 
rise is linear. 

■ 

The reactor will accommodate test samples having a reactivity worth of up to 
±$10.00. An assessment of sample reactivity worth will be mad<- by the Lawrence 
Livermore Laboratory (LLL) for each experiment conducted. The maximum reactivity 
insertion rate is $70/s. 

Burst repetition rate is determined by the core temperature rise. Maximum 
burst (285°C AT) repetition rate is 1 burst per day. Pulses of less than 
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Figure 2-63. Super Kukla pulse shape as a function of burst 
fission yieldf. 
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20°C AT require 90 min between pulses. Predictability of the burst character- 
istics is influenced by the perturbation of the experimental sample. Accuracy of 
the prediction depends on how many pretust pulse3 can be made with the sample or 
a mockup of the sample in the reactor, to experimentally determine the reactor 
burst ! iaetics with that sample. 

2.7.3 Environment 

Because of the perturbing influence of experimental test samples, no quanti- 
tative flux or fluence maps have been generated with samples in the reactor. 
Limited measurements with an empty sample cavity utilizing a U-235 fission probe, 
Oy fission foils, and Oy wires ha''e been made. Results of these measurements ere 
shown in Figures 2-64 and 2-65, 

First-order estimates of th« flux at an experimental position are made by 
extrapolation of the data in Figure 2-64. It is recommended that when precise 
environmental data are required by an experimenter, such measurements be made 
concurrently with the experiment. 

The bare reactor n/y ratio is typically 7.4 x 10' n/cm-/rad. The 
n/y ratio delivered to the sample can be varied by using various neutron mod- 
erator and absorber materials in the sample assembly. 

Neutron spectra and y dose measurements are given in Tables 2-34, 2-35, 
and 2-36, and in Figures 2-66 and 2-67. 

The average neutron energy is 0.77 MeV and the median neutron energy is 0.45 
MeV The Super Kukla 1-MeV equivalent neutron factor is 0.58. Pulse widths are 
dependent upon the neutron kinetic characteristics of each reactor sample combi- 
nation and upon the burst yield. Figure 2-63 shows typical pulse shapes as a 
function of burst yield with the reactor in a fast kinetics configuration. 

All cables are protected with suitable shielding. The experience of the 
facility operators indicates thet RF background noise poses no serious problem 
when proper electrical isolation and shielding procedures are used. 

2.7.4 Support Capabilities 

The staff of the Super Kukla facility at Mercury, Kevad*, will operate the 
reactor, associated diagnostics system, and DAS. 

The available support staff includes LLL's Super Kukla facility group which 
is couceraed primarily wich experimental operations. The group consists of: 1 
physici. <./.yjc!.-;sr engineer, 1 mechanical technician, 2 electronics technicians, 
and 1 lc.'th physicist. 

Immediately adjacent to the reactor bunker is an electronics relay station 
containing electronic equipment which must b=> close to the machine, yet out of 
the irtens; ra^iacion field. This station contains the necessary electronic 
equipr.eet to transmit low-level signals over the half mile of buried cables to 
the control building. The Super Kukla facility has adequate cabling and power. 
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5 10 15 20 25 

RADIAL DISTANCE FROM AXIS OF REACTOR (ft) 

Figure 2-65. Normalized neutron flux versus location 
from axis of reactor. 
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Table 2-34. Preliminary Monte Carlo calculations of the 
Super !u,l'.U. neutron spectrum mac'e by LL.L 
utilizing Ah~ $rr~-A1pha oi3 (date: 
September 1967; 

Group 
Number 

Energv 
(MeV) " 

r ^.rcent 
in Group 

1-8 0 - 0.0013 0.0 

9 0.0013 - 0.0052 0.31 

10 0.0052 - 0.0209 0.60 

11 0.0209 - (etc.) 1.35 

12 0.0471 3.43 

13 0.0837 11.39 

14 0.1884 21.05 

15 0.3349 18.70 

16 0.5234 15.n 

17 0.7536 9.03 

18 1.025 4.90 

19 1.340 5.26 

20 2.093 4.17 

21 3.015 2.22 

22 4.103 1.23 

23 5.359 0.43 

24 6.783 0.09 

25 8.29 0.08 

26 10.0 0.02 

Note: These data are plotted in Figure 
of this distribution falls in 
11.87% above Group 14 and 6.83% b 

2-66. The median 
Group 15, with 

elow Group 16. 
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Table 2-36. Threshold detector results. 

Detector 
Material 

Threshold 
Neutron 
Energy 
(E0) 

Percent 
En > Eo 

22 

Np 

U 

S 

Au 

10  keV 

0.6 MeV 

1.5 MeV 

3.0 MeV 

Thermal neutrons 

100. 

39.7 

16.1 

4.5 

0.015 

Notes:  1.  Burst No. 395 on April 27, 1967. 
2.  W. Qjam of Edgerton, Germerhauser, 

and Greer, letter of May 10, 1967. 

D 

"I 1 1 1 
*~-* Length of bars represents energy group intervol- 

01 

0 

"Low-energy neutrons 
-LJL.-L 

06 08        10 
Entrgy, MeV 

l     2    3    4    5    6   7 
Energy, MeV 

Figure 2-66. Neutron energy spectrum for the Super Kukla. ) 
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Adequate space and facilities are available for the use of on-site electronic 
trailers/vans. No screen room is available at the facility; however, provisions 
can be made for adequate electrical shielding. 

Installed signal cables between the reactor bunker and the electronics relay 
station include: 

200 Beiden 8773 (shielded pair) 

20 RG/8U (50fl coax) 

10 RG/7U (100ft coax) 

8 RG/22U (125ft twin coax) 

60 RG/108U (125ft shielded pair) 

In addition, 75 pairs of #18 Cu multiconductor control and power cables are 
installed. Conduits are available for installation of special cables supplied by 
the experimenter. 

IRIG-A time code and pulse generator time markers, in the range of 100 ys 
to 1 s, as well as operational markers, are available. 

Only limited dosimetry it, available at the Super Kukla site. The usual prac- 
tice is for experimenters to provide or contract for dosimetry as needed. A 
32-channel FM tape system is the primary data acquisition unit at the facility. 
Normally, 25 channels with 20-kHz signal frequency response are available for 
experiment data. The remaining channels are reserved for reactor diagnostic and 
time-marker data. Cables for additional data channels are available cor 
experimenter-supplied recorders or oscilloscopes. Computational facilities are 
not available at the Super Kukla facility. 

Light machine shop facilities are available on a limited basis by special 
arrangement with LLL. An above-ground "cold" bay, immediately over the reactor 
vault, is used for experiment preparation and setup. Additional preparation 
laboratories are available on a limited basis. Services of the LLL photographic 
laboratory at Mercury, Nevada, can be used by special arrangement. Polaroid 
equipment adaptable to standard oscilloscopes is readily available at the Super 
Kukla site. 

2.7.5 Procedural Information 

The reactor is operated on an intermittent operating schedule by LLL, Uni- 
versity of California, Livermore, California. Technical and administrative 
inquiries should be addressed to: 

Mr. L.R. Peterson 
Reactor Facilities 
Lawrence Livermore Laboratory 
P.O. Box 45 
Mercury, NV 89023 
Telephone:  (702) 647-5201 
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The reactor can be used by both government and industry by contractual agreement 
with LLL. To facilitate experimental analysis, as well as the setup and finali- 
zation of procedures, a lead time of approximately 3 months is recommended. Costs 
and charges associated with use of the reactor and facility will be determined 
by the Business Services Department, LLL. 

Unclassified mail to the facility should be directed to: 

Mr. L.R. Peterson, Reactor Facilities 
Jawrence Livermore Laboratory 
P.O. Box 45 
Mercury, NV 89023 

The unclassified shipping address is: 

Lawrence Livermore Laboratory 
Warehouse No. 7 
Mercury, NV 89023 
Attention: Mr. L.R. Peterson 

Classified mailing and shipping addresses should be arranged through proper 
channels at the time needed. 

2.7.6 Applicability and Availability 

The Super Kukla facility is not primarily TREE oriented. However, it is 
available for use by special arrangement or in conjunction with the LLL inter- 
mittent operating schedule. 

The user should be aware that the facility is primarily a DoE installation 
and is located at the Nevada Test Site (NTS). Operations there involve c nsider- 
able commuting distances between available overnight accommodations in Mercury, 
Nevada, or Las Vegas, Nevada, and the Super Kukla site. Arrangements for daily 
transportation must be made by the experimenter. 

A limited operational and technical professional staff is available at the 
Super Kukla site. Technical and administrative control of the facility is located 
at Livermore. 

2.7.7 References 

1. Kloverstrom, F., et al., Revised Safety Analysis Report for the Super Kukla 
Prompt Burst Reactor,  UCRL-7695, Rev. 1, February 4, 1954. 

2. Kloverstrom, F., Operating Characteristics of the Super Kukla Prompt  Burst 
Reactor,  UCRL-70138 (Preprint), 1969. 

3. Peterson, L.R., and R.E. Kelley, Super Kukla Op&ruting Experience 1964-1973, 
UCRL-74443 (Preprint), 1973. 
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2.8 NORTHROP REACTOR FACILITY 

2.8.1 General Characteristics 

The Northrop reactor is a TRIGA MARK F. It uses stainless-steel-clad U-ZrH2 
fuel elements. The reactor pool is 18 ft long and 10 ft wide, with the core lo- 
cated approximately 17 ft below the surface of the water. Irradiations may be 
carried out in the pool or in the exposure room located at one end of the pool. 
The exposure room is 8 ft wide, 10 ft long, and 8 ft high, with an access plug 
door approximately 6 ft^ opening into the room. A portion of the reactor tank, 
called the window, projects into one wall of the exposure room. When the reactor 
is positioned in the window, a minimum thickness of approximately 2 in. of water 
is between the outer ring of fuel and the exposure-room window. The exposure room 
enables irradiations to be made without using a watertight container. 

An Al access tube of 1.25 in. I.D. can be inserted into the E-ring of the 
core for in-core irradiations. Experimental devices irradiated around the reactor 
core may be encapsulated in watertight containers. For in-pool irradiations, the 
reactor may be operated in any position within the pool. At the opposite end of 
the pool from the exposure room are 3 horizontal beam ports and 4 pneumatic 
transfer tubes. The transfer tubes accommodate polyethylene rabbits in which sam- 
ples are encapsulated for fast transfer in and out of the reactor core. The rab- 
bits have an I.D. of 0.5 in. and are 3.75 in. long. Total transport time through 
the pneumatic tube is less than 1 s. 

The reactor may be operated in the pulse mode or at steady-state powers up 
to 1 MW. Data presented are primarily associated with the pulse mode. Figure 2-68 
illustrates, schematically, the reactor facility. 

2.8.2 Operating Characteristics 

Characteristics of pulse peak power depend primarily on the reactivity inser- 
tion and the fuel loading of the reactor core. Maximum pulse peak power is 1800 
MW. Data available here are for a pulse with a reactivity insertion of 024 units, 
giving a peak power of 160C MW. Characteristics are: 

X> 1. Prompt energy release 

2. Pulse width (FWHM) 

3. Fluence (D-ring position) 

a. Fast (>10 keV) 

b. Thermal (<0.4 eV) 

16 MW-s (5 x 10 

10 ms 

6.5 x 10  n/cm 

4.7 x 10  n/cm 

fission) 

Characteristics of the pulse, including prompt energy release, pulse width 
(FWHM), and the initial reactor period (as well as peak power) depend primarily 
on the reactivity insertion and the fuel loading of the reactor core. As a re- 
sult, pulse characteristics can be varied over a wide range within the licensed 
operating limits of the facility. Qualitative operating characteristics are shown 
in Table 2-37 and Figures 2-69 through 2-71. 

.4 
m 

mm 
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100       1.50      aOO      2.50 
Pulse Worth, $ 

3.00 3.50 

- 

Figure 2-71. Integrated power versus pulse worth. 

Except for extreme samples (consisting of fuel material), no liwits are ex- 
pected on the reactivity worth of test samples placed in the exposure room. 

Burst repetition rate is several pulses/hr. 

2.8.3 Environment 

Neutron and y flux/fluence/dos«? data are shown in Figures 2-72 through 
2-79. Values are given for vaiious locations in the exposure room and in the 
core. The curves have been normalised to a pulse of $2.97 reactivity insertion. 

Data regarding time-dependent spectra are not available. Some insight as to 
the spectrum as a function of position can be gained from Figures 2-72 through 
2-79. The neutron spectrum as measured in tlie exposure room is shown in Figur«» 
2-80. 
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Figure 2-?2.    Neutron flux versus distance from 
exposure rocru window. 
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Figure 2-76. Neutron and y dose versus distance 
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Figure 2-80.    Neutron spectrum in exposure room at center of 
window normalized to reactor power of 1 W. 
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Typical values of the n/y ratio for various irradiation positions are pre- 
sented in Table 2-38. The n/y ratio in the exposure room can be Varied by use 
of shielding screens available at the facility. The use of screens to vary the 
n/y ratio also affects the value of the available fluence/dose. 

It is the experience of the facility operators that RF background noise poses 
no serious problem. A significant post-pulse fission product y background 
exists in the exposure room. This can be reduced drastically by moving the core 
away from the exposure room wall. The Al wall itself becomes activated (half life 
2.6 min) and contributes approximately 10 rad/hr into the exposure room. 

2.8.4 Support Capabilities 

A permanent staff is assigned to the facility to operate the reactor, assist 
in setting up experiments, perform dosimetry, and lend general support, as re- 
quired. The professional size of the staff is limited, but they are available for 
technical consultation. 

Limited electronic equipment can be obtained on a noninterference basis. 
Power outlets are conveniently located and include: 

1. 480-V, 3-<|>, 60 cycle 

2. 120-V, l-<j>, 60 cycle 

3. 120/208-V 3-<js (2-<J> available). 60 cycle 

4. 120/208-V, 3-<j>, 400 cycle 

5. 28-Vdc (unfiltered). 

Cables or hoses to experimental devices should be a minimum of 40 ft for 
experiments to be performed in the exposure room or in the pool. A screen room 
is available at the facility, and the reactor staff has extensive experience in 
handling RF noise and electrical shielding problems. 

Reliable trigger and delayed trigger pulses, initiated by an ionization cham- 
ber located in the reactor core, are available. Although the chamber primarily 
detects the y radiation, experiments have shown that its signal is also a rea- 
sonably accurate representation of the neutron pulse, lite trigger and delayed 
trigger pulses are fast-rise, positive, binary-stap pulses. The trigger pulse is 
initiated by the leading edge cf the reactor pulse at a predetermined threshold 
above the noi.se level. The delayed trigger output can be externally adjusted to 
rise anywhere from lers than 1 ms to more than 40 m<< after the rise of the trig- 
ger output. 

2.8.5 Dosimetry 

Neutron and y dosimetry equipment and services, including special foil 
materials, multichannel analyzers, automatic counting systems, and gas flow and 
scintillation detector systems, are available. Standard foil materials and tech- 
niques are used for neutron dosimetry. Thermoluminescent dosimeters (TLDs) are 
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used for y   dosimetry. Reactor operating personnel can perform or lend assis- 
tance in dosimetry measurements. 

The Northrop IBM 360-65 computer can be used by special arrangement. In addi- 
tion, the reactor facility is located near the Control Data Corporation offices, 
where a CDC 6600 is available on a contract basis. Also available is a RACS 
tie-in to an IBM 260-40. 

Within the reactor building i9 a radiochemical laboratory, a hot cell, and a 
complete machine shop capable of constructing special shielding screens and 
experimental irradiation jigs. The heavy machine shop of the Northrop Corporate 
Laboratories can be used on a contract basis. Experiment preparation and setup 
laboratories also are available to the user. Associated with the hot cell is a 
2,500-Ci Co-60 irradiation source capable of producing a maximum dose rate of 
1.4 x 105 rad(air)/hr. 

No photographic laboratory is available. However, Northrop has oscilloscope 
cameras which may be used. 

2.8.6 Procedural Information 

Technical and administrative inquiries should be directed to: 

Chief, Northrop Reactor 
Northrop Research and Technology Center 
3401 West Broadway 
Hawthorne, CA 90250 
Telephone:  (213) 970-2297. 

The required lead time is dependent upon the type of experiment to be con- 
ducted. Routine experiments and irradiations require only nominal advanced 
planning. 

Costs and charges associated with the use of the facility are documented and 
available directly from Hr. Ray Turner, telephone (213) 970-2297. Address ship- 
ments to: 

Northrop Reactor 
Northrop Research and Technology Center 
3401 West Broadway 
Hawthorne, CA 90250 

The Northrop reactor, which is located within the city of Hawthorne, Cali- 
fornia, is readily accessible from the surrounding urban area. Tentative sched- 
ules can be established and other preliminary arrangements can be completed by 
contacting Mr. Ray Turner. 

2.8.7 Reference 

1. Faulkenberry, B.H., and D.H. Rusling, Northrop  Reactor  Facility  Technical 
Data,  Northrop Systems Laboratories, Hawthorne, CA. 
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2.9 PENNSYLVANIA STATE UNIVERSITY 
BREAZEALE NUCLEAR REACTOR 

2.9.1 General Characteristics 

The Pennsylvania State University thermal TRIGA Mark III Reactor (PSTR) is a 
light water-cooled and reflected pool-type reactor, capable of both pulsing and 
steady-state operation. The reactor is operaced in a weter-filled pool 14.5 ft 
wide, 31.5 ft long, and 24 ft deep. The center line of the reactor is located 
about 20 ft beneath the surface of the water. The reactor is moveable along the 
length of the pool for flexibility of operation. 

The reactor cere has a basic shape of a right hexagonal prism containing 6 
fuel elements per side. The fuel moderator elements are made up of a fael region 
approximately 1.4 in. in dia. and 15 ft long. They consist of a ZrÜ2 moderator 
homogeneously combined with 20Z enriched U fuel. Both 8.5 w/o U containing ap- 
proximately 38 gm U-234 per fuel element and 12 w/o U containing approximately 
55 gm U-235 per fuel element are in the core. H in the fuel and water is the 
moderator. 

The reactor is capable of 1,000 kW (thermal) operation with natural convec- 
tion cooling and car be pulsed repetitively and reproducibly at approximately 
15-min interval« to yield a burst having a prompt energy release of up to 24 MW 
and a peak of 2,000 MW. 

2.9.1.1 Horizontal Beam Tubes 

Three beam tubes are in use at the present time: one at the pool center line, 
and one on either side at an angle of 45 degrees with the center tube. The inner 
section is 6.5 in. in dia. and 3 ft long. The outer section is 7.5 in. in dia. 
and 2.5 ft long. 

2.9.1.2 Central Thimble 

The center thimble in the center of the core provides space for the irradia- 
tion of samples at the point of maximum flux. The thimble is an Al tube (with an 
I.D. of 1.33 in.) vhich extends from the reactor bridge through the center of 
the reactor core and terminates about 15 in. below the bottom of the core. 

2.9.1.3 Pneumatic Tubes 

Two pneumatic transfer systems are available to deliver samples to the reac- 
tor pool and return them to various laboratories within the building. These sys- 
tems provide a convenient means of irradiating selected samples at the reactor 
core either with or without Cd shielding, or in the heavy water thermal column. 
The transfer time for either system is about 3 s. The polyethylene rabbits in 
which samples are encapsulated have an I.D. of 0.625 in. and are 4.5 in. long. 

i, i 
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2.9.1.4 Pool Irradiations 

Experimental devices may be encapsulated in water-tight containers and irra- 
diated in and around the reactor core. In addition, 1.25-in. and 3-in. vertical 
tubes are available for dry irradiations. A vertical tube is an air-filled Al 
tube which extends from the reactor bridge to the bottom of the core. It is usu- 
ally placed against the front face of the core. 

A "merry-go-round" capable of rotating as many as 24 samples while they are 
being irradiated provides a means of simultaneously exposing a large number of 
specimens in an identical flux. 

2.9.2 Additional Irradiation Facilities 
and Services 

2.9.2.1 The Cobalt-60 Gamma-Ray Facility 

A Y source composed of 80 sources containing approximately 52 Ci each and 
70 sources containing approximately 385 Ci each of Co-60 are available for use 
in a water-filled pool (computed for May 1, 1978). The pool is 16 ft long by 10 
ft wide and 17 ft deep. Several vertical tubes and a bell jar are available to 
provide dry irradiation areas. Maximum exposure rate as of May 1, 1978 is 6 x 
10^ rad/hr. This facility can accommodate a wide range of sample sizes, limited 
mainly by the desired exposure rate. Some examples of the more commonly used con- 
figurations are: 

1. l's-in. dia. tube with 80 sources (4.6 x 10 rad/hr) 

2. 3-in. dia. tube with 15 sources (6 x 10 rad/hr) 

3. 6-in. dia. tube with 23 sources (4.9 x 10 rac'/hr) 

The exposure rate is fairly constant over a 3-in. height centered about the ver- 
tical center line of the souces that surround the tube. 

2.9.2.2 The Cockcroft-Walton Neutron Generator 

A neutron generator, composed of a 150-kV accelerator, control console and 
150-kV power supply which has the capability of supplying a 4-pi yield of 2.5 x 
10^1 n/s (14 MeV) from a deuterium-triton reaction, is available for research. 

2.9.2.3 Subcritical Reactor 

A subcritical reactor that has 2,000 kg of natural U contained in 1,289 Al 
encased slugs and 30,000 lb. of graphite, is capable of being converted into a 
graphite sigma pile for training and research. In addition, 1,100 kg of 6.9Z 
enriched U are available for subcritical experiments. 

2.9.2.4 Hot Cells 

Two hot cells with an interior approximately 7.5 ft wide, 5 ft deep, and 13 
ft ligh are available for handling radioactive materials. Each cell contains a 
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lead-glass window, 2 master slave manipulators, and a remotely operated half-ton 
hoist. Both cells are designed to handle 100 Ci of Co-60 equivalent radioactive 
material. 

2.9.3 Operating Characteristics 

Operating characteristics of the PSTR are as follows: 

1. Power Levels 

a. Steaay state  pulse 

b. 1 MW 2,000 MW (peak power) 

2. Temperature-time 

a. Time to peak temperature for a $2.75 pulse is approx- 
imately 42 ms 

b. 8.5 w/o fuel peak temperature is approximately 45Q0C 

c. 12 w/o fuel peak temperature is approximately 480°C. 

Maximum allowed excess reactivity of the core is $7. A maximum of $2.86 (2% 
Ak/k) reactivity is allowed for experiments. For a $3 pulse, the width of the 
pulse at half-maximum is approximately 15 ms. Pulses can be repeated every 15 
min at a reproducibility of ±10%. 

The environment is described in Table 2-39 and Figures 2-81 through 2-85. 

2.9.4 Support Capabilities 

Several professional and technical support etaff personnel are available for 
activation analysis, reactor experiments, etc. The Radionuclear Applications 
Laboratory provides researchers with services in activation analysis, radiation 
counting (including high-resolution y-ray spectroscopy), radiography, radio- 
isotope production, tracer applications, the design of radiation gaging equip- 
ment, and other applications involving the uses of radioactive materials. 

Service» such as 208-V, 3-$ and 120-V, 1-$ electrical power are avail- 
able. Miniraum cabling requirements are approximately 35 ft. Time signals are 
obtained during pulse initiation. 

S, Au, In* and Al neutron dosimetry plus y-ny dosimetry, active, are 
available. Other foil types have been used for neutron dosimetry but are pres- 
ently passive. 

The Nuclear Engineering facility is available to aid in * wide range of 
shielding- and reactor-physics-type calculations. 

Heavy handling equipment includes a 3-ton capacity overhead crane in the 
reactor bay, a 5-ton capacity overhead crane in the Co-60 facility, and 2 mono- 
rail systems with an attached 3-ton crane which services the loading dock and 
hot cells. A small machine shop is located within the facility, and electrical 
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Figure 2-81. Flux intensity wit! energy greater than 
E as a function of E. 
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Figure 2-82. Flux intensity with energy greater than 
E as a function of E. 
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Figure 2-83.    Flux intensity with energy greater than 
E as a function of E. 
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Figure 2-84. Flux intensity with energy greater than 
E as a function of E. 
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Figure 2-85. Neutron spectra in the TRIGA central thimble 
with spurious structure eliminated. (The 
spectra were measured from 2.65 to 23.65 in. 
above the core center line in 3-in. increments.) 
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and electronic repair shops are available. In addition to conventional shop 
equipment, heliarc acetylene and electrical welding equipment are available. 
The facility also has fume hoods, chemical apparatus, etc., and cameras. 

2.9.5 Procedural Information 

For additional information, contact: 

Director 
Breazeale Nuclear Reactor Facility 
The Pennsylvania State University 
-University Park, PA 16802 
Telephone:  (814) 865-6351 

For scheduling, allow 1 to 2 weeks lead time. 

Cost of the facilities is SllO.OO/hr for a prime user; for other users the 
cost is negotiable. Dosimetry is $55.00/5 points or less. Shipping and handling 
charges are $55.00. 

The shipping address is: 

Penn State Breazeale Reactor 
University Park, PA 16802. 

2.9.6 Reference 

1.  Schraotz»r, J.K., "Unfolding Fast Neutron Spectra and Cross Sections in a 
TRIGA Reactor," Ph.D. Thesis, The Pennsylvania State University, 1976. 
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2.10 GENERAL ATOMIC COMPANY 
TRIGA REACTOR FACILITY 

The TRIGA reactor facility at General Atomic (GA) has 2 reactors located in 
one building: a TRIGA Mark I, and the Advanced TRIGA Prototype Reactor (ATPR). 
Each reactor is installed in a separate water-filled tank and each has an inde- 
pendent control system which permits simultaneous operation of both. The ATPR and 
the Mark I are available for TREE experimentation, and are discussed separately 
in the following paragraphs. 

2.10.1 General Characteristics -- TRIGA Mark I 

The TRIGA Mark I utilizes Al-clad U-ZrH2 fuel elements and can be operated 
in the pulse mode or at a steady-state power of up to 250 kW.The reactor is lo- 
cated in a 6-ft-dia. water-filled circular Al tank with the core approximately 
16 ft below the surface of the water. The core is stationary and is surrounded 
by a 12-in. thick graphite reflector. The oper. top of the reactor tank is at 
floor level and permits easy access. 

Numerous experiment positions in the Mark I reactor allow for samples of 
various sizes and shapes. The primary positions are: (1) in-core (uade available 
by removing fuel elements), (2) in, around, and on top of the graphite reflector, 
and (3) in the water around the core. At the in-core positions, samples up to 6 
in. long and 1.25 in. in dia. can be irradiated in a relatively uniform flux 
(-10% variation). If a uniform flux is not required, specimens up to 24 in. 
long may be irradiated. 

To provide a dry environment, hollow Al tubes, which extend above the sur- 
face, are inserted in the desired position. A pneumatic transfer system may be 
used for fast transfer of small samples in and out of the reactor core. Samples 
are placed in polyethylene containers 4.5 in. long with 0.68 in. I.D. Travel time 
from the reactor to the counting room terminus is approximately 3 s. Samples also 
may be placed in the reflector region of the core, either in radiation thimbles 
or in the ro ary specimen rack. 

Irradiation of specimens in other than the standard positions can be accom- 
modated within limits compatible with reactor operations. 

2.10.2 TRIGA Mark I Operating Characteristics 

Typical of TRIGA reactors, characteristics of the TRIGA Mark I pulse, includ- 
ing peak power, prompt energy release, pulse width and the initial reactor per- 
iod, depend primarily on the reactivity insertion and the fuel loading of the 
reactor core. As a result, pulse characteristics can be varied over a wide range 
within the licensed operating limits cf the facility. 

Peak power, based on a typical core loading of 70 elements and a routine 
reactivity insertion of $3.00, is 1,000 MW. Based on a typical core loading ot 
70 elements and a routine reactivity insertion of $3.00, characteristics are: 

1. Prompt energy relase       13 MW-s (5.6 x 10  fissions) 

2. Pulse width (FWHM) 16.6 ms 
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3. M«_x. fluence (B-ring position): 

a. Fast (>10 keV) 

b. Thermal (<0.4 eV> 

14     0 
9.7 x 10  n/cm 

3.2 x 1014 n/cm2 

Available qualitative operating characteristics are shown in Figure 2-86« 

An assessment of reactivity worth and the associated tolerable limit will be 
made by the reactor staff for each experiment conducted. GA assumes a step inser- 
tion of reactivity over a period of approximately 0.1 s. The maximum insertion 
rate therefore is $30.00/s. 

Burst repetition rate is determined by delayed neutron lifetime, not coolant 
temperature. The maximum insertion rate therefore is $30.00/s. The maximum repe- 
tition rate is 10 bursts/hr. However, 10 min between bursts is preferred. Burst 
characteristics are reproducible to within ±52. 

2.10.3 Environment 

Quantitative neutron and y flux/fluence/dose data are available from GA. 
Extensive measurements were made by Edgerton, Germerhauser, and Greer of the 
neutron and y environment generated by the Mark I reactor. Supplementary analy- 
ses were made by GA. Standard threshold foil techniques were used for the neu- 
tron measurements, y dose measurements were made using tetrachloroetliylene as 
the dosimeter. This organic liquid, upon exposure to radiation, decomposes into 
hydrochloric acid. The amount of acid produced is proportional to the y dose 
imparted to the tetrachloroethylene. Compensation is made for the slight neutron 
response of the liquid. 

Detailed data for various in-core positions are given in Table 2-40. Dosime- 
try measurements at the core center line in an air-filled tube (4-in. I.D.) 
located at the outside edge of the graphite reflector are shown in Table 2-41. 
Data for typical reactor operations are given Table 2-42. All data are for a core 
loading of 70 fuel elements and a $3.00 reactivity insertion pu'se. 

Spec trim data, as such, are not available. However, the nautron fluence data 
fire presented in terms of thresholds from which spectral data can be derived. 

Typical values of the n/y ratio for various irradiation positions are given 
in Table 2-42. 

2.10.4 Characteristics of ATPR 

The ATPR is similar to a TRIGA Mark III. It utilizes stainless-steel-clad 
U-ZrH2 fuel elements positioned in concentric rings to form the core. The core 
is suspended from a movable bridge in * 10-ft dia. by 25-ft deep water-filled 
pit. The size of the pit allows large experimental devices to be placed near the 
core, and the open top of the pool permits easy access. The reactor can be oper- 
ated in the pulse mode or at a steady-state power level of 1,500 kW. Figures 2-87 
and 2-88 show tin reactor and the ATPR facility. 
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Figure 2-86.    Mark I pulsing characteristics. 

2-146 



Table 2-40.    Dosimetry values for the TRIGA Mark I reactor (70 fuel  elements, 
$3.00 reactivity insertion). 

n/cm2, n/cm2-s, 
Neutron Fluence for Flux for 

Position Energy n/cm^-s-W 18 MW-s Pulse 1,000-MW Pulse 

B-ring Thermal 1.8 x 107 3.2 x 1014 1.8 x 1016 

(En = LI MeV) >10  keV 5.4 x 107 9.7 x 1014 5.4 x 10l6 
> 0.6 MeV 2.9 x 107 5.2 x 1014 2.9 x 1016 

> 1.5 MeV 1.4 x 107 2.5 x 1014 1.4 x 1016 

> 3.0 MeV 5.8 x 106 1.0 x 1014 5.8 x lO1^ 

C-ring Thermal 2.5 x 107 4.5 x 1014 2.5 x 10l5 
(En = 1.09 MeV) >10  keV 4.9 x I07 8.8 x 1014 4.9 x 1016 

> 0.6 MeV 2.4 x 107 4.3 x 1014 2.4 x 10:6 

> 1.5 MeV 1.3 x 107 2.3 x 1014 1.3 x 1016 

> 3.0 MeV 5.2 x 106 9.4 x 1013 5.2 x I0I5 

D-ring Thermal 2.1 x 107 3.8 x 1014 2.1 x 1016 

(En « 1.08 MeV) >10  keV 4.2 x 107 7.6 x 10l4 4.2 x 1016 

> 0.6 MeV 1.9 x 107 3.4 x 1014 1.9 x 1016 

> 1.5 MeV 1.1 x 107 2.0 x 1014 1.1 x 1016 

> 3.0 MeV 4.4 x 106 7.9 x 1013 4.4 x 1015 

Y 1.67 x 10-1 3.0 x 106 1.57 x 108 

rad (air),'s-W rad (air) rad (air)/s 

E-ring Thermal 1.7 x 107 3.0 x 1014 1.7 x 1016 

(En = 1.04 »eV) >10  keV 3.2 x 107 5.8 x 1014 3.2 x 10l6 
> 0.6 MeV 1.3 x 107 2.3 x 10,14 1.3 x 1016 

> 1.5 MeV 7.8 x 106 1.4 x 1014 7.8 x 1015 

> 3.0 MeV 3.2 x 106 5.8 x 1013 3.2 x 1015 

F-ring Thermal 1.0 x 107 1.8 « 1014 1.0 x 1016 

(En « 1.01 MeV) >10  keV 2.1 x 107 3.8 x 1014 2.1 x 10l6 
> 0.6 MeV 9.1 x 106 1.6 x 1014 9.1 x 10j5 

> 1.5 MeV 5.2 x 106 9.4 x 10,13 5.2 x 1015 

> 3.0 MeV 1.5 x 106 2.7 x 1013 1.5 x 1015 

Y 6.1 x 10-2 1.1 x 106 6.1 x 107 

rad (air)/s-W rad (air) rad (air)/s 

Tab^e 2-41.    Dosimetry values for the TRIGA Mark I reactor at core center 
line in air-filled tube at outside edge of graphite reflector 
(En = 1.22 MeV)  (70 fuel elements; $3.00 reactivity insertion), 

Neutron 
Fnergy n/cm2-s-W 

n/cm2, 
Fluence for 
18 MW-s Pulse 

n/cm2-s, 
Flux for 

1,000-MW Pulse 

Thermal 

>10  keV 

> 0.6 MeV 

> 1.5 MeV 

> 3.0 MeV 

Y 

2.63 x 106 

6.8 x 101 

2.7 x 104 

2.0 x 10* 

8.4 x 103 

1.6 x IO-3 

rad (air)/s-U 

4.72 x 1013 

1.2 x 1012 

4.9 x 1011 

3.6 x 1011 

1.5 x 1011 

2.8 x 104 

rad (air) 

2.63 x 1015 

6.8 x 101J 

2.7 x 1013 

2.0 x 1013 

8.4 x 1012 

1.6 x 106 

rad (air)/s 
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Table 2-42. TRIGA Mark I reactor performance fo; 250-kW steady-state and 
1,000-MW pulsing operation (experimental dosimetry values for 
a typical core loading of 70 fuel elements). 

r iooo-nu Pulsing 0; erati i 

Volume With 

250 kW Steady State Operation Peak Dose Kate 

Neutrons, n/cm'-s Neutrons, n/cm -s 
■10 flux 
Variation Experiment Fast Thermal Fast 

rads ,/s 
■ , 

Location (dia. x length, in.) ([  10 keV) (E ■ 0.4 eV) radsb/s ([  10 keV) (E  0.4 eV) ' 1 1 

B-ringL 1.25 x 6 
1 3 

1.4 x 101J 
1? 

4.5 x 10 -- 5.4 x 1016 1.8 x 1016 -- 9. ' 

C-rinyL 1.25 x 6 1.2 x 1013 6.3 x 1012 -- 4.9 x 1016 2.5 x 1016 -- o    , 

D-ringc 1.25 x 6 
1 3 

1.1 x 10K 5.3 x 10 
4 

4.2 x 10 4.2 x 1016 2. 1 x 1016 1.7 x 10H /.' 

[-ring 1.25 x 6 8.0 x 1012 4.3 x 1012 -- 16 
3.2 x 10' 1.7 x 1016 -- :>. 

r-ringc 1.25 x 6 5.3 x 1012 2.5 x 10k '..5 x lü" 2.1 x 10i5 
16 

1.0 x 10 6.1 x 107 3. 

Pneumatic transfer 0.5 x 3.3d 
1? 

5.3 x 10u 2.5 x 10i2 1.5 x 104 2.1 x 1016 1.0 x 1016 6.1 x 107 i 

system terminus in 
F-ring 

Rotary specimen 40 containers 1.5 x 1012 1.8 x 1012 4.0 x 103 6.0 x 1015 
15 

7.2 x 10 1.6 x 107 i. ! 

rack 

Rjactor pool 
outside reflector 

f 1.7 x 1010 6.6 x 1011 4.0 x 102 6.8 x i0:? '6 x 10lb 1.6 x 106 i.. 

Reactor pool above 
top of reflector 9 1.1 x 1011 3.4 x 1011 -- 

14 
4.4 x 101 1.5 x 1C15 •- 

insertion of 2.2 Ak/k excess reactivity (S3.00) results in a peak power of 1000 flW, a total integrated energ y release of 18 % 

Assumed to lie air 

A varying number of fuel element positions in the core grid array may be occupied by experiments 

In specimen capsule 
e0.8-in. 1.0. x 3.8-in. each 

Volume available has 1.7-ft inside radius and 3-ft outside radius. Flux decreases by inverse square law attenuation with distd 

^Specimen with a diameter of 1 ft or less olaced on top of the reflector will receive a fairly uniform flux 

Fast neutron dose is converted from n/cm to rads by multiplying the n/cm value by 2.5 x 10  rads /(n/cm ) 

'Thermal neutron dose is converted from n/cm2 to radsb by multiplying the n/cm2 value by 3.25 x 1010 radsb/(n/ -V). 

\ 
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ice for 250-kW steady-state and 
tperimental dosimetry values for 
ruel elements). 

1000-MW Pulsing Operation3 

(E  10 keV) 
(n/cm2)/radD 

dy State Operation Pea* Dose Hate Dose °er  Pulse 

ciK- s 

rads^/s 

2 
Neutrons, n/cra -s 

1 
Neutrons 

radsb 
I hernia 1 

0.4 eV) 
Fast 

([ ■ 10 kcV) ([  0.4 eV) radsb/s 
Fast, 

?n 
n/cm^ 

Therma.l 
n/cn^1 

.~J   x 10 -- 5.4 x 1016 1.8 x 1016 -- 9.7 x 1014 3.2 x 1014 -- -- 

. ■; x io12 -- 4.9 x 1016 2.5 x 1016 -- 14 
8.8 x 101 4.5 x 1014 -- -- 

.3 >   1012 4.2 x 104 4.2 x 1016 2.1 x 1016 1.7 x 108 7.6 x 1014 
14 

3.8 x 101 3.0 x uf 2.5 x 108 

.3 < :o12 -- 3.2 x 1016 1.7 x 1016 -- 5.8 x 10 
14 

3.0 x 10 -- -- 

.b , 1012 1.5 x 104 2.1 x 1016 1.0 x 1016 6.1 >   I07 
14 

3.8 x 101 1.8 x 1014 1.1 x 106 3.4 x 108 

.5 x in12 A 
1.5 x 10 2.1 x 1Ü16 1.0 x 1016 6.1 x 107 3.8 x 1014 1.8 x 1014 1.1 x 106 3.4 x 10° 

4.0 x 10J 6.0 x 1015 /.2 x 10 i.6 x n7 14 
1.1 x 101 1.3 x 1014 2.9 x 10B 3.8 x 108 

:.b x lo11 4.0 x 1Ü2 
' 13 

6,8 x 10 2.6 x 1Ü15 1.6 x 10° 1.2 x 101? 4.7 x 1013 2 8 x 104 4.3 x 107 

.4 x 1011 -- 4.4 x 1014 
16 

1.5 x 10° -- 7.9 x 1012 2.5 x 1013 -- -- 

n a peak power oi I^QO tin, a total integrated energy re ease of 18 MW-s, and a pulse width of 16.6 ms 

d array may be occupied by experiments 

' radius. Flux decreases by inverse square lav» attenuation with distance froi; reflector 

the reflector will receive a fairly uniform flux 

iplying the n/cm value by 2.5 x 10  rads /(n/cm ) 

lultiplying the n/cm2 value by 3.25 x 1010 radsb/(n/cm2). 
i 

i 
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Samples miy be irradiated at in-core positions by removing fuel elements. 
Samples up to 6 in. long and 1.25 in. in dia. can be tested in a relatively uni- 
form flux (<10% variation). If a uniform flux is not required, longer specimens 
may be irradiated. To provide a dry environment, hollow Al tubes, which extend 
above the water surface, are inserted into the desired position. Irradiations 
also may be performed in a large part of the pool. The reactor core may be cen- 
tered in the pool, making the entire area around the core available, or the 
reactor may be moved toward the edge of the pool to permit the installation of 
extra-large devicer.. A tube (the "j-tube") can be extended from above the water 
surface to the reactor core. The J-tube provides fast and convenient access to 
the edge of the core for samples cf medium size. Figure 2-89 depicts the J-tube 
position relative to the reactor core. 

2.10.5 ATPR Test Parameters 

Typical of TRIGA reactors, characteristics of the ATPR pulse, including peak 
power, prompt energy release, pulse width, and the initial reactor period, depend 
primarily on the reactivity insertion and the fuel loading of the reactor core. 
As a result, pulse characteristics can be varied over a wide range within the 
licensed operating limits of the facility. 

The ATPR has been safely subjected to reactivity insertions of up to $5.00. 
Reactivity insertions for typical operating pulses are between $4.00 and $4.60. 
Normal core loading is 94 to 100 fuel elements. Peak power is 6,400 KW for a 
typical burst (100 fuel elements and a reactivity inseition of $4.60). Character- 
istics of a typical burst (100 fuel elements and a reactivity insertion of $4.60) 
are: 

/, ,  ,„18 
1. Prompt energy release 

2. Pulse width (FWHM) 

43 MW-s (1.3 x 10 

6.3 ms 

fissions) 

3. Max fluence (B-ring position) 

a. Fast (>10 keV) 

b. Thermal (<0.4 eV) 

14    2 
9.5 x 10  n/cra 

1.2 x 1015 n/cm2 

Operating characteristics averaged over many experimental measurements are 
shown in iigure 2-90. 

An assessment of reactivity worth and the associated tolerable limit will be 
made by the reactor staff for each experiment CDnducted. A step insertion of 
reactivity over a period of 0.1 8 is assumed. The maximum insertion rate there- 
fore is !?50.00/s. 

Burst repetition rate ia determined by delayed neutron lifetimes, not by 
coolant temperature. The maximum repetition rati is 10 bursts/hr. Howev«r, 10 min 
between bursts is preferred. Burst characteristics are reproducible to within 
±5%. 
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Figure 2-89. J-tube position relative to the reactor core, ATPR. 
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Figure 2-90.   ATPR pulsing characteristics. 
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2.10.6 Environment 

Quantitative neutron and y flux/fluence/dose data are available from GA. 
Extensive measurements were made by Edgerton, Germerhauser, and Greer of the 
neutron and y environment!: generated by the ATPR. Supplemental analyses were 
made by GA. Standard threshold foil techniques were used for the neutron measure- 
ments. Y Jose measurements were made using tetrachloroethylene as the dosim- 
eter. The measurements were made at in-core positions and inside the J-tube. 
Dosimetry data for the air-filled J-tube are given in Table 2-43. 

In-core data (Table 2-44) were taken at the core center line and normalized 
to doses in air. Figure 2-91 depicts the neutron flux distribution in the verti- 
cal plane. 

Data for the ATPR are given in Table 2-'<5 for a $4.60 reactivity insertion 
and a core loading of 94 fuel elements. Figure 2-92 gives the y dose in water 
along the core center line. 

2.10.7 Support Capabilities 

The TRIGA facility staff consists of nuclear physicists, chemists, and engi- 
neers competent in all phases of TREE experimentation, 

Members of the professional staff are available for consultation on any phase 
of a program as well as on specific technical research problems. They can provide 
guidance in the preparation of experimental programs or can handle programs in 
their entirety. 

A limited amount and type of electronic equipment is maintained by the facil- 
ity and may be used by experimenters when available. It is recommended that spe- 
cific equipment required by the experimenter be provided either from his own 
laboratory or on a rental basis from local suppliers. There is ample space for 
setting up teft and recording equipment and for accommodating Instrumentation 

Table 2-43. Air-filled J-tube dosi-retry data (En = 0.79 MeV), 

Neutron 
Energy n/cm2-s-W 

n/cffl2, 
Fluence for 

18 MW-s Pulse 

n/cm2-s, 
Flux for 

1,000 W Pulse 

>10  keV 

> 0.6 MeV 

> 1.5 MeV 

> 3.0 MeV 

Y 

3.0 x 105 

1.7 x 106 

1.0 x 105 

2.0 x 105 

1.4 x 10-2 

rad (air)/s-W 

1.2 x 1014 

6.8 x 1013 

4.0 x 1013 

8.0 x 1012 

5.6 x 105 
rad tair) 

1.4 x 1016 

8.1 x 1015 

4.8 x 1015 

9.6 x 1016 

6.7 x 107 

rad (air)/s 
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Table 2-44. In-core dosimetry values for the ATPR ($4.00 reactivity 
insertion and 100 fuel elements). 

n/cm2 n/cm--s, 
1 

Neutron Fluence for Flux for ,n/Y 
Position Energy n/cm^-s-W) 40-MW-s Pulse 1,300-MW Pu^se (n/cm^)/rad (air) 

B-Ring Thermal 2.9 x 107 1.2 x 1015 1.4 x 1017 

(En = 0.97 MeV) >10  keV 2.2 x 107 8.8 x 1014 1.1 x 1017 3.4 x 108 

> 0.6 MeV 1.2 x 107 4.8 x 1014 5.8 x 1016 

> 1.5 MeV 6.9 x I06 2.8 x 10l4 3.3 x 1016 

> 3.0 MeV 2.5 x 106 1.0 x 10l4 1.2 x 1016 

Y 6.6 x 10-2 2.6 x 106 3.2 x 108 

rad (air)/s-W rad (air) rad (air)/s 

C-Ring Thermal 2.3 x 107 9.2 x 1014 1.1 x 1017 
(En = 1.00 MeV) >i0  keV 2.1 x JO7 8.4 x I0I4 1.0 x 1017 3.8 x 108 

> 0.6 MeV 1.? x 107 4.8 x 1014 5.7 x 10l6 

> 1.5 MeV 6.2 x 106 2.5 x 1014 3.0 x !016 

> 3.0 MeV 2.3 x 106 9.2 x 1013 1.1 x lOl6 
V 5.5 x IC2 2.2 x 106 2.6 x 108 

rad (air)/s-W rad (air) rad (air)/s 

D-Ring Thermal 2.0 x 107 8.0 x 1014 9.6 x 10l5 
(En = 0.98 MeV) >10  keV 1.8 x 107 7.2 x 1014 8.6 x 1016 4.0 >. 108 

> 0.6 MeV 9.8 x 105 3.9 x 10l4 4.7 x 10^ 
Gold R-d ' 4.28 > 1.5 MeV 5.3 x 10* 2.2 x 10*4 2.5 x 1016 

> 3.0 MeV 2.0 x 106 8.0 x 10l3 9.6 x 1Q15 
Y 4.4 x 10-2 1.8 x 106 2.1 x 108 

rad (air)/s-W rad (air) rad (air)/s 

E-Rinq Thermal 1.7 x 107 6.8 x I0I4 8.1 x 10*6 
(En =1.1 MeV) >10  keV 1.3 x 107 5.2 x 1014 6.2 x 10^6 4.0 x 108 

> 0.6 MeV 7.4 x 106 3.0 x 1014 3.5 x 1016 
Gold RCd = 5.31 > 1.5 MeV 4.0 x 106 1.6 x 10l4 1.9 x 10*6 

> 3.0 KeV 1.5 x 106 6.0 x I0I3 7.2 x 1015 

Y 3.3 x 10-2 1.3 x 106 1.6 x 103 

rad (air)/s-W rad (air) rad (air)/s 

E-Ring Thermal 1.5 x 107 6.0 x 10l4 7.2 x 1016 
(En ■ 0.98 MeV) >10  keV 8.1 x 106 3.2 x I0I4 3.8 x 10*6 3.6 x 108 

> 0.6 MeV 4.5 x 106 1.8 x 1014 2.2 x IO16 
> 1.5 MeV 2.3 x 106 9.2 x 1013 1.1 x 10*6 

> 3.0 MeV 8.6 x 105 3.4 x 10*3 4.1 x 1016 

Y 2.2 x 10-2 8.8 x 105 1.Ö x 108 
rad (a1r)/s-W rad (air) rad (air)/s 

G-Ring T»>ermal 1.6 x 107 6.4 x 10l4 7.7 x 10^ 
(En ■ 1.58 MeV) >10 keV 4.4 x 106 1.8 x 1014 2.1 x 10*6 3.2 x 108 

> 0.6 MeV 2.5 x 106 1.0 x 1014 1.2 x 10*6 
> 1.5 MeV 1.2 x lOf 4.8 x 1013 5.7 x 1015 

> 3.0 MeV 5.2 x 10* 2.6 x 1013 2.5 x I0I5 

Y 1.4 x 10-2 5.6 x 105 6.7 x 107 

rad (air)/s-W rad (air) rad (air)/s 

ll i 
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Table 2-45, Advanced TRIGA prototype reactor performance for 1.5-MW steady- 
state and 6,400-MW pulsing operation (experimental dosimetry 
values for a typical core loading of 94 fuel elements). 

Experimental 
Location 

Volume With 
<10% Flux 
Variation 

(dia. x length, in.) 

6,4C( 

1.5-MW Steady-State Operation Peak Dose Rate 

2 
Neutrons, n/cm -s 

Y 
radsb/s 

2 
Neutrons, n/cm -s 

y. 
radsb/s 

Fast 
(E > 10 keV) 

Thermal 
(E < 0.4 eV) 

Fast 
(E > 10 keV) 

Thermal 
(E < 0.4 eV) (E 

B-ringc 

C-ringc 

D-ring 

E-ringc 

r    c F-ring 

G-ring 

J-tube 

Reactor pool, 
outside core shroud 

1.25 x 6 

1.25 x 6 

1.25 x 6 

1.25 x 6 

1.25 x 6 

1.25 x 6 

5   x 10 

f 

3.3 x lO1" 

3.2 x 1013 

2.8 x 10i3 

2.0 x 1013 

1.2 x 1013 

6.6 x 101? 

4.5 x 1012 

4.2 x 1012 

4.4 x 1013 

3.5 x 1013 

3.0 x 1013 

2.7 x 1013 

2.3 x 1013 

2.4 x 1013 

2.4 x 1013 

1.5 x 1013 

9.9 x 104 

8.3 x 1C4 

6.6 x 104 

5.0 x 104 

3.3 x 104 

2.1 x 104 

2.1 x 104 

1.3 x 1C4 

1.4 x 1017 

1.3 x 1017 

1.2 x 1017 

8.3 x 1016 

5.2 x 1016 

2.8 x 1016 

1.9 x 1016 

1.8 x 1016 

1.9 x 1017 

1.5 x 1017 

1.3 x lo'7 

1.1 x 1017 

9.6 x 1016 

1.0 x 1017 

1.0 x 1Ü17 

6.4 x 1016 

4.2 x 108 

3.5 x 108 

2.8 x 108 

2.1 x 108 

1.4 x 108 

9.0 x 107 

9.0 x 107 

5.6 x 107 

9.1 

9.( 

7 ; 

5.! 

3.[ 

\.\ 

i.: 

1.2 

insertion of 3.225; Ak/K excess reactivity results in a peak power of 6,400 MW, a total integrated energy release of 43 MW-s, and a 

Assumed to be air 

A varying number of fuel element positions in the core grid ürray may he occupied by experiments 

The annular volume between the core shroud and the pool tank (10-ft dia.) is available fyr bulk experiments. Fluxes are given for 
e                            2                       2-9            2 
Fast neutron dose is converted from n/cm to rads by multiplying the n/cm value by 2.5 x 10  rads (air)/(n/cm ) 

f                                  2                          2               -10             2 
Thermal neutron dose is converted from n/cm to rads by multiplying the n/cm value by 3.2<> x 10  radn (air)/(n/cm ) 

\ 
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:e for 1.5-MW steady- 
imental dosimetry 
1 elements). 

 1 

ion 

6,400-MW Pulsing Operation8 

Peak Dose Rate Dose Per Pulse 

n/Y 

>cnb/s 

2 
Neutrons, n/cm -s 

rads'Vs 

2 
Neutrons, n/cm -s 

Y 
radsb 

Fast 
(E > 10 keV) 

Thermal 
(E < 0.4 eV) 

Fast 
(E > 10 keV) 

Thermal^ 
(E < 0.4 eVJ 

n/cm2/radsb 

>10 keV 

radsb (n) 

radsb (Y) 

9 x 104 1.4 x 1017 1.9 x 1017 4.2 x 108 9.5 x 1014 1.2 x 101- 2.8 x 106 3.4 x 108 0.8 

3 x !04 1.3 x 1017 1.5 x 1017 3.5 x 108 9.0 x 1014 9.9 x 1014 2.4 x 106 3.7 x 108 0.9 

6 x 104 1.2 x 1017 1.3 x 1017 2.8 x 108 7.7 x 1014 8.6 x 1014 1.9 x 106 4.U x 108 1.0 

0 x 104 8.3 x 1016 1.1 x 1017 2.1 x 108 5.6 x 1014 7.3 x 1014 1.4 x 106 4.0 x 108 1.0 
4 

3 x 10 5.2 x 1016 9.6 x 1016 1.4 x 108 3.5 x 1014 6.5 x 1014 9.5 x 10b 3.7 x 108 0.9 

4 
1 X 10* 2.8 x 1016 1.0 x 1017 9.0 x 107 1.9 x 1014 S.i x 1014 6.0 x 105 3.2 x 108 0.8 

4 
1 x 10 1.9 x 1016 1.0 x 1017 9.0 x 107 1.3 x 1014 6.9 x 1014 6.0 x 105 2.2 x 108 0.55 

4 
3 x 10 1.8 x 1016 6.4 x 1016 5.6 x iC7 1.2 x 1014 4.3 x 1Ü14 3.7 x 10S 3.2 x 108 0.8 

MW, a total integrated energy release of 4? MW-s, and a pulse width at half ria <imun of 6.3 ms 

cupied by experiments 

s available for bulk experiments. Flu xes are given for a position next to the shroud 

value by 2.5 x  10"9 rads (air)/(n/cm ) 

m2 value by 3.24 x 10"10 rads (air)/(n /cm2) 

a 



40     95     70     85    100   115    130   145    «0    175    190 205   220  235  250 

Distance From Core Center , cm 

Figure 2-92.   y dose in the water radial from ATPR core. 
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vehicles and trailers. Power outlets are located throughout the facility. No 
screen room is available, but experience has shown that RF noise poses no serious 
problem. Provisions can be made for adequate electrical shielding. 

Operating timing signals are available. 

The TRIGA facility does not provide dosimetry services but will assist in 
making subcontracting arrangements. 

There is no computer in the reactor building; however, contract arrangements 
may be made for u&e of the GA Univac 1108. A light machine shop is available at 
the facility; GA's heavy machine shop may be used by arrangemenc. On~site office 
space and experiment preparation laboratories are available. 

2.10.8 Procedural Information 

Inquiries related to the use of the TRIGA facility should be directed to: 

General Atomic Company 
TRIGA Reactor Facility 
P.O. Box 81608 
San Diego, CA 92138 
Telephone: (714) 455-3277 
Attn: Mr. J.R. Shoptaugh 

A maximum lead time of appioximately 3 weeks is required. Costs of using the 
TRIGA re<- tors can be obtained directly frota GA. 

The shipping address is: 

General Atomic Company 
TRIGA Reactor Facility 
10955 John Jay Hopkins Drive 
San Diego, CA 92121 

The facility is located jus»t a few miles north of San Diego, California. 
Commuting distances are minimal. 

2.10.9 References 

1. Coffer, CO., Flux Values for  the Advanced TRIGA Prototype and TRIGA Mark I 
Reactors,  Gult General Atomic Report, GA-6206, Rev., March 15, 1966. 

2. TRIGA Experimental   and  Inadiation Facilities for Research and  development, 
Gulf General Atomic Report, GA-1695, Rev. 5, Nov. 1, 1966. 
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2.11 SANDIÄ LABORATORIES ANNULAR CORE 
PULSE REACTOR (ACPR) 

2.11.1 General Characteristics 

Tb« ACPR was originally a TRIGA-type reactor; however, it has been recently 
upgraded to provide improved pulse and steady-state performance (as discussed be- 
low). The reactor went critical in April 1978. It is water-cooled and moderated, 
and fueled with BeO/UC2 elements arranged in a close-packed lattice. The fuel 
is enriched to 351 U-235 with 21.5 w/o of UO2. The height of the core fuel is 
52.2 cm with a fuel element dia. of 3.75 cm. The most prominent feature of the 
facility is a large 23-cm-dia. dry irradiation cavity within the center of the 
core. The facility also incorporates a large neutron radiography facility exter- 
nal to the core, which is also available to experimenters for irradiation of 
large items. Samples to be irradiated in the cavity are normally placed within 
an irradiation container that is 30-cra high and has an I.D. of 20 cm. If an ex- 
periment specimen is longer than 30 cm, the upper and lower reflector plugs may 
be removed. From the horizontal center line of the core to the bottom of the ex- 
perimental cavity is 117 cm. There is no limitation on the length of experimental 
samples above the core. Specimens with dia. larger than 23 cm may be irradiated 
in the radiography facility or outside the reactor core at reduced fluences. 

The core structure is located at the bottom of a 3.05-m-dia., 8.50-m-deep 
stainless-steel water-filled tank. The top of the core is 7.0 m below the surface 
of the water. 

1 

.' 

A vide variety of experiment locations may be improvised, and the reactor may 
be operated in either the steady-state or pulse modes. However, the ACPR is pri- 
marily intended to accommodate experiments in the central cavity and operate in 
the pulse mode, and data presented here are associated primarily with these con- 
ditions. If the experimenter requires special conditions, necessary arrangements 
can be made. 

Figure 2-93 shows the reactor building floor plan. 

The ACPR is owned by the Department of Energy (DoE) and is operated by Sandia 
Laboratories in Albuquerque, New Mexico. The reactor is located in Building 6588, 
Technical Area V of Kirtland (East) Air Force Base. The ACPR is used in a contin- 
uing program of fundamental and applied research in radiation effects. Ita design 
is such that a wide vcriety of experiments can be accommodated. 

The main feature of the reactor is the 23-cm-dia. dry-experiment cavity, 
which occupies the center region of the reactor core. In this large hexagonal 
cavity, experiments can be exposed to a neutron fluence in excess of 8 x 1015 

n/cm2 in a single pulse. Access to the central irradiation cavity ia provided 
by a vertical loading tube and an offset loading tube which join together in a 
"Y" fitting about 2.4 m above the core. Both tubes are fabricated from 25-cm-l.D. 
stainless-steel pipes. The inside of the pipe provides adequate clearance for 
passage of an experiment 23 cm in dia. through the curved sections. About 30 cm 
above the core, a transition occurs in the pipe. The cylindrical tube is con- 
verted into a hexagonal tube to match the pattern of the fuel elements. Thus, the 
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Figure 2-93. Floor plan of Building 6588. 

thickness of water between the inner row of fuel elements and the cavity is kept 
uniformly small to maximise the fast flux. 

A facility for post-irradiation experiment storage is located in the upper 
section of the offset loading tube. This section consists of 4 stainless-steel 
tubes 25 cm in dia. «xtended downward approximately 5 m from the upper section 
of the offset loading tube. Experiments may be stored in this section until suf- 
ficient radioactive decay has taken place to allow convenient handing and re- 
moval. The storage section provides space to store several experiments at a depth 
of more than 6.5 m below the water level. Shielding within the storage section is 
provided by lead plugs which can be located over the storage positions. 

The fuel in the ACPR is a BeO-U<>2 sintered ceramic composite material. The 
fuel is contained in a ribbed Hb liner and sealed in a 0.5-mm-thick stainless- 
steel cladding. The ribs of the lib liner maintain inert-gas-filled insulating 
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gaps between the fuel and the liner and between the liner and the cladding. The 
fuel elements are 3.75 cm in dia. and have m  overall length of 73 cm. 

The fuel elements are arranged on a triangular spacing grid to form a hexago- 
nal pattern of fuel surrounding the experiment tube. The operational core loading 
of the reactor comprises 210 to 220 futl elements, 6 fuel-followed control rods, 
2 fuel-followed safety rods, and 3 adjustable transient rods. Reflector elements 
of Ni are used to decouple the core from the surrounding water. With this core 
size, the energy released for a reactivity insertion of $2.70 is about 400 MW-s, 
with a reactor period of 2.2 ms. Under these conditions, the fuel reaches a maxi- 
mum adiabatic temperature of 1,400°C. 

The principal safety feature of the ACPR reactor is the large prompt negati/e 
temperature coefficient of reactivity. This temperature coefficient arises pri- 
marily from Doppler absorption in the U-238 resonances and decreased scattering 
in the BeO matrix resulting from the heating of the fuel material. The coeffi- 
cient is prompt because the U-235 is intimately mixed with the U-238 and the BeO; 
thus, the fuel and BeO temperature$  rise simultaneously. 

In addition to the inherent prompt shutdown process, certain protective fea- 
tutes are built into the reactor control system and plant protection system that 
will automatically limit the power and temperature levels at which the reactor 
can be operated or which will prevent operation if certain conditions have not 
been met. These protective features consist of scrams, trips, and alarms which 
are preset to alarm and/or shutdown the reactor if prescribed limits are ap- 
proached or exceeded. The scrams and alarms vary with the mode of operation. 

The control system permits the operator to manipulate, monitor, and control 
the reactor. The primary components of the control system ere the nuclear chan- 
nels and the regulating rod drive circuits which permit manual and automatic 
actuation of the control-rod drives, safety-rod drives, and the transient-rod 
system, guided by information received from the nuclear instrumentation. 

The regulating system has 2 operating regimes: steady-state, and pulse. In 
th« steady-state regime, there are 2 operating modes: steady-state, and positive 
period. In the pulse regime, there are 5 operating modes: normal pulse, multiple 
pulse, repetitive pulse, reduced tail pulse, and continuous transient-rod bank 
withdrawal. Pulse modes permit the reactor power to increase on periods less than 
the period at prompt critical. Additional modes of operation hav< been provided 
for in the design of th« console. With additional hardware and safety analyses, 
these modes will be available. Included are pulse from high steady-state pc "sr 
and high-power, square-wave operation. 

Six mc- -driven control rods govern the reactor power during delayed criti- 
cal opera >ns. The control rods are fuel-foiljver-type rods, wherein the reac- 
tivity effect of removing the poison a« the ro*5 it withdrawn is augmented by the 
simultaneous insertion of the fuel-follower «action. These control rods pass 
through and are guided by holes in the top aai bottom grid plates. Two motor- 
driven safety rods are used as safety features and also to reduce the system re- 
activity in the pre- pulse period. 
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The adjustable transient rods on the ACPR are actuated by an electro-pneu- 
matic system. Thn mechanical-drive system permits the transient rods to be used 
in the steady-state mode as well as in the pulse mode of operation. In the pulse 
code, the adjustable drive systems are utilized to adjust reactivity so that any 
size pulse may be fired, starting with the transient rods in a banked mode. 

2.11.2 Operating Characteristics 

All of the results presented in this section are calculated results, or re- 
sults derived from the fuels testing program or early operational data. 

2.11.3 Power Level and Energy Release 

Peak-pulse power depends primarily on the reactivicy insertion. Typical pulse 
characteristics are as follows: 

1. Reactivity insertion $2.95 

2. Peak power 29,300 HW 

3. Pulse width (FWHM) 6.s ms 

4. Reactor period 1.7 ms 

5. Fluence, cavity 

a. Fast (>10 keV) 2.7 x 1015 n/cm2 

15    2 
b. All energies 6.3 x 10  n/cm 

c. Y dose 3«3 mrad  (H2°) 
6. Maximum fuel temperature 1,400°C 

7. Energy release 400 MW-s 

8. Maximum reactivity insertion rate >$50/s 

Characteristics of steady-state operation are: 

1. Power 2.0 MW 

2. Flux, cavity 

a. Fast (>10 keV) 2.3 x 1013 n/cm2-s 
13    2 

b. All energies 3.9 x 10  n/cm -s 
4 

c. Y dose rate 2.2 x 10 rad/s 

Figures 2-94 and 2-95 show the peak reactor power and the total pulse energy 
release es a function of reactivity insertion. 

2.11.4 En»rqy Release 

Characteristic« of the puls«, including prompt e«»rgy release, pulse width 
(FWHM), the "tail" energy, and the peak power, depend primarily upon the reactiv- 
ity insertion. As a result, pulse characteristics can be varied over a wide range 
within the technical specifications of the facility. 

2-1C2 



(Mi)   3SV3TJU  A0H3N3  3H03 

< u 

< i 

-o 
c (U 
o ■p I. 

• f— ro a» 
■t-> s- .— +J 
O   Ol 3 4- 
C   Q. o re 
3   Q. 1— 

4-   3 rO   </l 
■s^' u 

rö o 
c to CM 

to  o •r- 
(0 *r™ s- 

+J 0) o 
<D   S- 3 <4- 
</>   0) ^~ • 
A3   10 to -P ^^ 
<U   C >   3 c 
r- '^ O o 
<D a> •r* 
s- >, ui -a ■p 

+J ro ■— ro 
>v- 0)  0) •f™" 

a> > i— .c ■P 
s_ .— cu 'i— 

a> -p S-   1/1 C 
c o ■o •r- 
at re >> o 

0) CD S- CO 
cu s- U to 

<u - r— 
o 4- c o 3 
o o CD 4- Q. 

ir> 
CM 

CM 

(U 
s- 
3 
en 

C O 
C 
o 
•P      . 
u c 
c o « 3 •*• u («- P 

£ 
SI 

9 
l/l 

2 2. ro ••- o 

< 

S-   >» 
CO  4-> 

i> 
Qu-r- 

ÜJ 4-> 
1- -*   O « «0   ro 

CU   0) 
* CL   V. 

C    X 
<t> 
-• > © H * 

as 
i 

CM 

«U 
i~ 
3 

(,or x •») uaaod sv3d 

2-163 



»'I 
M 

Figures 2-96 through 7.-99 summarize these various pulse characteristics. 
Figures 2-100 and 2-101 give the fuel temperatures as a function of pulse and 
steady-state operation. 

2.11.5 Pi'lse-Repetition Rate and Pulsa Predictability 

Pulse-repetition rate is determined by the repeatability required between the 
first pulse and subsequent Dulses. If the experiment can tolerate a $2.70 first 
pulse, then the repetition rate can be set for the experimenter's particular re- 
quirements. 

Pulses may be generated as rapidly as every 4 min but at reduced fluence, 
power, etc. levels. Pulses are predictable to within 52. 

2.11.6 Multiple Pulse Mode 

The multiple pulse mode produces 2 or 3 pulses in rapid succession by se- 
quencing the withdrawal of the 3 transient rods. Any combination of rods and tim- 
ing may be used to achieve the desired fluence and time dependence. The rods may 
be fired separately or 2 rods may be fired at the same time as a first or second 
pulse. Figures 2-102 and 2-103 give the power profile and reactor yield for the 
triple pulse. 

2.11.7 Transient Rod Runout Mode 

The transient rod runout mode provides the capability to produce high reactor 
powers over a period of several s. The transient rods are withdrawn using the 
electro-mechanical drives instead of the pneumatic system. The withdrawal can be 
pre-programmed to insert the reactivity in a variety of sequences. Figure 2-104 
gives the power history for 1 transient rod withdrawal sequence a?d Figure 2-105 
gives the reactor yield for the sequence. 

2.11.8 Tolerable Reactivity Worth of Experimental Sample 

The maximum available excess reactivity is $12.00. Experiments must be se- 
cured if the reactivity worth of the experiment is more negative than $2.70. 
fhere i» no limitation on reactivity worth of secured experiments. Movable ?xper- 
iments or experiments with movable parts are limited such that combined insertion 
of experiment and transient rods is less than $2.70. 

An assessment of sample reactivity worth and the associated tolerable limit 
will be made by the reactor staff for each experiment conducted. 

2.11.9 Environment 

2.11.9.1 Neutron Fluence 

Neutron fluence data are quantitatively presented in Figure 2-106. The 
calculations are free-field, i.e., unperturbed by experiments, etc. The fluence 
and flux profiles in the cavity for the fast and thermal components of the 
spectrum are given in Figures 2-1C7 and 2-108. 
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Figure 2-100. Maximum fuel temperature occurring In 
pulse versus core energy release (rods 
held out or rods reinserted). 
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iIO TRIPLE PULSE 0.008 / 0.0G5 / 0.006 

Figure 2-102. ACPR upgrade triple pulse ($l.l/$0.68/ 
$0.82 o?, PK10). 
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TRIPLE PULSE  0.008 / 0.005 / 0.006 
T 

Figure 2-103. Reactor yield versus tine for ACPR upgrade triple pulse. 
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Figure 2-104. Reactor power history for transient rod runout 
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Figure 2-105. Reactor yisld versus time for transient rod 
runout operation. 
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Figure 2-106.   Total pulse fluence versus energy release 
(normalized to Sg - TU+TRAN). 

2-173 



in 

en 
Q. 

Ü 3 
\Cl O 

s- 

• #> 
> 

m £ 
•v in 

i—i 

t 
o 
*r en 

.—1 

1—1 

CO Q. 
3 
O 

E 
u »«* QJ 

o ■o 
n to n? 

3 s- 
»-t O) 
Q Q. < 3 (2 

CC 
in w a. 
rj 0Ä o 

o «t 
o 

c 

O 

1 
m

id
p
i a

n 
e

V
).

 

m it) iO 
»H •t- o 

ip o 
«-» t- 

ir> 
o x o 

3 O 

- «n 

u. O 

O 
i—< 

i 
CM 

e 
3 

o              o              o o               o              o 
•                                ♦                                • ♦                                  •                                » 

«3                      «                      V «                        N                     ~4 

CüI'lVDS  3All\n3H) aWIdailf'lVIXV XV XOTi 

2-174 



j 

I 
I 

O 
» 

CO 

in      o     to o     m 
•       •      • -      , 

<N           W           r-i r-t                           O 

(31VDS 3AIXV13H) 0=H 'mi 1VIXV 

o 

cu 
-o 
s. 

3 

> 
u 

>: 
< 

o 

CM 

3 

2-' 75 



2.11.9.2 Neutron Energy Spectra 

Figure 2-109 shows the integral free-field cavity fluence for all neutron en- 
ergies. Figures 2-110 and 2-111 give the calculated energy group fractions and 
the flux per unit energy. 

2.11.9.3 Gamma Fluence 

No calculations have been made on the y yield at this time. However, it is 
estimated that the y doce will be approximately the same, or slightly less 
than, the old ACPR (see Figure 2-112 for y dose data on the old reactor). 

2.11.9.4   Background Radiation Doses 

Background radiation doses vary from about 1 to 10 rad, depending on core 
history prior to the experiment run and the length of time the experiment is in 
the experiment cavity. 

2.11.10 Special Capabilities 

2.11.10.1 Radiography Facility 

The neutron' radiography facility is primarily used for nondestructive testing 
and evaluation of various components, including components containing or composed 
of high explosives. It is located on the north side of the core and consists of 
an experiment chamber at core level, a tube with a collimator to bring ;he neu- 
trons to a stage at the top of the reactor tank, and the support plate and blast 
shield. 

The basic 'esign provides a collimated beam of thermal neutrons such that the 
flux over the irradiation area is constant. Other features incorporated in the 
design are the provision for a large irradiation space near the reactor core, and 
control of the environment insi/e the tube. The facility is independent of the 
reactor with respect to mechanical, electrical, snd pneumatic functions. All me- 
chanical hardware, such as the vertical tube and upper blast shield, are designed 
and tested to assume isolation of the reactor safety components from any mal- 
function of the facility or experiment. It is derigned to withstand accidental 
detonation of an explosive component. The operating limit for the radiography fa- 
cility is 250 g HE. A safety factor of 4 on material ultimate strain was utilized 
to determine the operating limit for the facility. The total HE load limit for 
the High Bay is 500 g HE. 

The experiment chamber is constructed of Al plate and his a dry central area 
with a square cross-sectional are« 37.5 cm on a side. From the core horizontal 
center line to the bottom of the chamber is 46.5 cm. There ia no restriction in 
the upward direction. 

The radiography tube is constructed cf stainless-steel plate with rib stiff- 
eners. It has 3 sections for ease in fabrication srwl assembly. A collimator as- 
sembly fits down in the radiography tube and has neutron «nd y shielding in 
the form of Cd, Gd, BN, polyethylene, and Pb. A remotely controlled rotatable 
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Figure 2-112. Cavity y dose versus pulse energy release. 

cylinder with different size apertures is used to select the desired collimator 
ratio and to block the neutrons when the system ip not in use. The radiography 
tube is supported by 2 I-beams attached to the tank wall and the transient rod 
support bridge. 

A 2.54-cm-thick st°el plate supports the blast shield. The blast shield is 
constructed of steel plates and I-beams and incorporates a layer of borated poly- 
ethylene and a layer of Pb for neutron and y shielding. The blast shield is ap- 
proximately 90 cm on a side and covers the upper end of the radiography tube and 
the stage. 

The experiment chamber is equipped with the necessary piping to purge the 
cavity portion of the experiment chamber to prevent buildup of Ar-41. The experi- 
ment chamber exhaust line is connected into the Ar purge system which discharges 
through a pre-filter, 2 absolute HEPA filters and 2 charcoal filters. The radiog- 
raphy tube is designed to be flooded, gas filled, or evacuated. 

The Nondestructive Testing Division is responsible for performing tne explo- 
sive handling and setup and the film cassette handling and development. To have 
radiography performed by the ACPR, contact the Nondestructive Testing Division 
directly end they will perform a safety analysis and schedule eh« reactor for the 
required time. 
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Table 2-46 provides some of the facility specifications. Note that the fluxes 
are related to a power level of 300 kW which was for the old ACPR. The new ACPR 
will operate at a power level of 2 MW. So for an approximate value of _1-ixes, use 
a factor of 6 for the new reactor. This may tend to give a slightly greater flux 
than will be measured because the core size has changed significantly and the ex- 
periment chamber is somewhat further from the core and has the Ni reflector be- 
tween it and the fuel elements. 

Table 2-46. ACPR radiography f« icility speci fications. 

Collimator Ratio (L/D) 

65/L 150/1 250/1 500/1 

Neutron Beam Flux - 
Power 300 kW (n/cm2-s) 1.3 x iO7 2.7 x 106 1.1 x 106 2.7 x 105 

n/y Ratio (n/cm2-mr) 1.6 x 106 1.3 x 106 1.3 x 106 9.3 x 105 

Exposure Port Dia. (cm) 15.25 26.4 26.4 26.4 

Exposure Area (cm2) 180 548 548 548 

Cd Ratio 15 >15 >15 >15 

Resolution for 2.54 cm Object 
to Film Detector Plane 
Distance (mm) 0.381 0.170 0.102 0.051 

Exposure Time for Single- 
Coated R Film - Density 3 
Background (min) •4 •60 v^O •300 

Notes: 1. All values are for ^ 
2. Exposure time is for 

le-filled tu 
4 *i-anl Gd c 

be. 
9nverter sen »en. 

2.11.10.2 Flexo-Rabbit System 

The Flexo-Rabbit system provides a valuable sample delivery facility for the 
ACPR without requiring any structural modifications. Samples 2.06 cm in dia. by 
5.84-cm long can be contained in molded polyethylene shuttle capsules. Flexibil- 
ity of the system is provided by the design of the irradiation end which can be 
placed at various locatiors in the reactor core. Typical applications include 
neutron activation analysis, study of short-lived isotopes, and exposure of small 
samples requiring high fluxes of thermal neutrons. 

Gas pressure from a standard N gas cylinder operates the Flexo-Rabbit'8 shut- 
tle capsule. N is preferred over air to prevent the buildup of Ar-41. As a gen- 
eral rule, there is no radioactivity in the N exhaust gas. However, the exhaust 
gas is dumped into the Ar purge system and exhausted through the filter banks. 
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Tha use of gas pressure results in much faster transfer of samples than can 
be obtained by using a vacuum system for the propelling force. A gas regulator 
with a large orifice is used to maximize the gas flow and thus minimize the sam- 
ple transfer time. Under the normal operating pressure of 25 psi, the capsule 
will travel the 12.2 m from the core to the receiver in about 500 ms. Travel tivse 
will vary according to gas pressure, sample weight, and direction of the capsule. 

Three basic components make up the Flexo-Rabbit system: the irradiation end 
piece, the tubing system, and the control unit. These components are described in 
the following sections. 

The 4.57-m-long irradiation end piece is Al throughout. The lower end of the 
unit has the basic configuration of a fuel element and will fit directly into any 
fuel element position in the core grid plate with the irradiation end normally 
located in core position 253. In this location, the fast neutron flux ratio of 
cavity to rabbit is between 1.60 and 1.70, depending on the control rod position- 
ing. Internal stops assure that the sample is positioned at the core center line. 
Pb weights encased in Al tubes above the core are used to overcome buoyancy ef- 
fects. An offset of 15.24 cm in the irradiation end piece prevents direct radia- 
tion streaming from the core. The upper end of the unit is joined to the flexible 
tubing system. Two interconnected flexible tubes, a sample loader, and a dropout 
receiver make up the tubing system. The larger of the flexible tubes (2.86 cm 
I.D.) carries the shuttle capsule, while the smaller tube supplies and exhausts 
the driving gas. Normally, the tubing system is about 12.2-m long, but it can be 
lengthened to extend the distance from the reactor area to the handling area. 
Since the irradiation end extends about 4 m above the core before the transition 
is made from Al to polyethylene, the flexible tubing should not experience any 
radiation damage. The sample-loading end of the tubing system terminates in a 
quick-opening loader, which is mounted to a Pb brick so that the top can be 
opened with one hand. This loader also lends itself to operation by tongs or a 
remote manipulator. 

Returning from the irradiation end, the sample enters the receiver which is 
especially useful for working with short-lived isotopes. This receiver permits 
the shuttle capsule to drop out of a tube, thus providing rapid access upon re- 
turn from irradiation. To minimize the shock of the shuttle capsule returning at 
high speed, an air cushion has been incorporated into the dropout unit. This per- 
mits the sample to slow up momentarily upon its return and then drop out of the 
receiver under its own weight. Shock to the returning shuttle capsule can be min- 
imized by the air cushion unit if desired, or the speed of the return can be 
maximized if preferred. The air-cushion and dropout time are controlled by a 
N-operated valve located on the receiver. Valve operating pressure is about 50 
psi. The shuttle capsule normally drops into a large volume box which has a 
shielding equivalent of 7.6 cm of Pb. Approval of the Environmental Health Group 
is required before the capsules ccr. be removed fron this box. 

With the exception cf loading the sample, selecting the exposure period, ac- 
tivating the start switch, and recovering the sample from the dropout unit, the 
operation of the Flexo-Rabbit system is fully automatic. Interruption of the au- 
tomatic cycle at any time to return the capsule may be accomplished by a switch 
on the control unit. Manual operation is similar to automatic operation except 
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the length of the irradiation period id controlled manually rather than by the 
t imer. 

Three signal outputs are available from the connectors at the control unit: 
(1) the start of the irradiation time, (2) the end of the irradiation period, and 
(3) the arrival of the sample at the receiver. These signals may be used to per- 
form various functions, as might be required. 

2.11.11 Support Capabilities 

With the exception of radiological and toxicological safety and services of 
the Sandia Laboratories Dosimetry Counting Laboratory, Sandia personnel should 
not be expected to provide scientific, technical, or engineering consulting ser- 
vices or support to non-Sandia users of the ACPR facility. 

2.11.11.1 Staff 

A permanent operating staff is assigned to the ACPR. These personnel are 
available to assist the experimenter in determining and establishing the correct 
experiment setup. 

The Sandia technical staff, which is competent in all phases of radiation ef- 
fects., including TREE, is available only for consulting services on an occasional 
and limited basis unless contractual arrangements are made for special services. 
If special staff or manpower assistance is required, arrangements for these 
should be included in contractual negotiations. 

2.11.11.2 Electronics 

Monitoring equipment for ACPR experiments is normally provided by the use..*. A 
limited number of oscilloscopes and visicorders are presently available in the 
reactor high bay. Sandia Laboratories field test organization has located several 
instrumentation vans in Technical Area-V (TA-V) to support the reactor facili- 
ties. This support capability is av&ilable to perform data acquisition functions. 
However, experiments should not rely on the availability of Sandia equipment un- 
less prior arrangements have been made. 

Outlets for 110-V, 1-$, and 220-V, 3-<|> at power are located throughout 
the building. Space is provided for an instrumentation trailer if one is required 
by the experimenter; however, the experimenter must provide his own trailer. Two 
Appleton 100-A, 220-V, 3-<fc female connectors are installed to provide electri- 
cal power to the trailer location. Power cables should not be less than 30 ft in 
length and should terminate in a compatible Appleton connector. 

2.11.11.3 Tiding Signals 

Precise 12-V step-timing signals of from 0 to 1 s from the reactor electrical 
timer can be furnished, in increments of 1 ms, prior to the pulse. Other timing 
requirement<) must be arranged for through prior consultation. 
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2.11.11.4 Dosimetry 

The Sandia Laboratories Dosimetry Counting Laboratory is available for use by 
all ACPR experimenters. Standard threshold foil techniques are used for neutron 
fluence measurements. Gamma measurements are made using CaF2 Thermoluminescent 
Dosimetry (TLD). Sandia Laboratories will provide detectors for all users and the 
Counting Laboratory will evaluate results. However, the experimenter has the op- 
tion of performing his own dosimetry. 

1 

2.11.11.5 Computational Facilities 

Calculatlonal facilities are available at the ACPR site. The Sandia Laborato- 
ries Computational Laboratory, although not normally available to non-3andia 
users of the ACPR, may be utilized on a limited basis by prearrangement. A termi- 
nal Is available in TA-V which inputs the CDC 6600's and the 7600 for unclassi- 
fied programs. Various outputs are available. 

The TA-V Data Acquisition and Display System (DADS) is located near the ACPR 
facility, This system, built around the EMR 6130 digital computer, accepts either 
digital cr analog inputs from remote consoles. Digital or analog outputs are 
available on a CRT display, magnetic tape, or in printed form. The DADS X3 avail- 
able to all ACPR experimenters. One of the remote consoles is located at the ACPR 
facility. 

2.11.11.6 Shop Facilities 

Light machine shop facilities are available at the site. 

2.11.11.7 Experiment Preparation Laboratories 

The ACPR high-bay area contains floor space of approximately 20 ft x 20 ft 
immediately adjacent to the reactor pool for experimenter's equipment. 

2.11.11.8 Photographic Equipment and Materials 

Experimenters normally are required to provide their own photographic equip- 
ment and materirl. Cameras are included, however, with all available Sandia os- 
cilloscopes, Pleasu check with Security before bringing photographic equipment 
into the area. 

2.11.12 Procedural Information 

Services of the ACPR facility are available to agencies of the DoE, DoD, and 
private corporations having DoE or DoD contracts. ACPR availability is on a basia 
of non-interference with DoE programs. Technical and administrative inquiries re- 
lated to use of the ACPR should be directed to: 

Supervisor 
Sandia Laboratories 
Reactor Applications Division 5451 
P.O. Box 5300 
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Kirtland Air Force Base (East) 
Albuquerque, NM 87115 
Telephone:  (505) 264-3304 or 8991 

2.11.12.1 Scheduling 

An experiment-request form (Figure 2-113) must be submitted several weeks in 
advance. The scheduling of reactor time is not considered until after the experi- 
ment-request form is received and final approval of the contract is given. 

Ordinarily, experiment plans should be sufficiently detailed to allow effects 
of the specimen on the reactor characteristics to be determined. However, care 
should be taken to ensure that the experiment plan contains no classified infor- 
mation. 

2.11.12.2 Cost Information 

Costs and charges associated with the use of the ACPR have been established 
and are available directly from the Reactor Applications Division. 

2.11.12.3 Shipping Address 

Shipments should be directed to: 

Supervisor 
Sandia Laboratories 
Division 5451 
P.O. Box 5800 
Kirtland Air Force Base (East) 
Albuquerque, NM 87115 

2.11.13 Applicability and Availability 

The ACPR facility provides a transient radiation environment readily applica- 
ble to TREE experiments. The facility is available to authorised users on the 
basis of non-interference with Sandia programs. A competent operating and super- 
visory staff is permanently assigned to the facility. The technical staff of San- 
dia Laboratories is conpetent in all phases of TREE research and experimentation. 
The experimenter should be aware, however, that this staff does not provide rou- 
tine assistance to non-Sandia users of the facility. 

The ACPR is located in TA-V, which is an isolated experiment arss 6 mi south 
of the main Sar.dia Laboratory, making it necessary for experimenters to provide 
their own daily transportation. 

2.11.14 Security Clearance 

Security clearances are required to gain unescorted access to the ACPR facil- 
ity. Visitors with a Q-elearance or a DoD Secret clearance with a Restricted Data 
certification may have unescorted access to the ACPR. Visitors without the above 
clearances must be escorted while in the security area. Visitor Control must be 
contacted to arrange for access to the laboratory. 
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To: 

From: 

ACPR Control 

Div. 5451 

Ext. 264-8991 

ANNULAR CORE PULSE REACTOR 

EXPERIMENT PLAN 
(Coaplete both sides) 

^Project Leader 

_Org. 

Ext. 

Case No. 

Part No. 

Title of Experiment:_ 

Unusual Requirement^ 

Nuaber of pjlses desired sod exposure level: 

Date experlaeat to be irradiated: 

Dloensioos, maximum overall:  

Oosioetry Required: ( 

Security Classification: 

 ) Neurroa  ( > Caama 

Composition of sample (aajor eleaeats):  

Solid (    )  Liquid (    ) 

Is Liquid: Completely contained? ( ) Yes ( 

Unstable la «ay way? ( ) Yes ( 

Approx. on it lag point: °C 

Mass: 

) No 

) No 

Is the test ltea er Its associated test tear a safety hazard? i.e.. Does test ltea contain toxic 

material«, fissile materials, explosive aaterial or large eaer^ storage devices, or highly flammable 

material? ( ) Yes ( ) He If aas*er 1« Ye«, coaplete other side. 

Dosiurm DATA 
Date                       Requested avt Kits                 Meutroa                   Oaaaa 

Expcriaeat Approval: 

Operation»  Health Physics Coaaittee 

».tOTE:  Hast he rssoered. 

Figure 2-113.   Experiment request plan. 
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TEST ITEM CONTAINS. 

1. High)» flammaMe caterlal ( ) Ye«  (_ 

2. Toxic miterlal ( ) Yes ( ) No   

3. rissile material U235   

4. Internal electrical power sources 

Specify:  (voltage and capacitances) 

) No Material 

Pu239 U233 

Material 

   niiisbsr ot grans 

High internal pressure 

Specify:   Pressure Voluas Gas 

Explosive Crama 

Explosive  Device name and ni_ober_ 

A. Type: 

Purpose 

Primer or IP     

Booster ______   

Base cbarge     

P„'roteehcie     

Propdlaat    ____ 

Total cbarge _______   

B. Bridge-wire Information: 

Does test item contain a bridge-wire? ( > Yet { ) Ho 

Is bridge-wire sborted sod grounded to case? (   ) Yes (__ 

Nominal bridge-wire resistance: ohms 

Current la ansperes_ 

Powe.- Is watts   _ 

C. InitistlOB sensitivity: 

Remarks 

Mo fir« 

Mo fir« 

_) He 

All fir« 

All fir» 

Static _3park •bock 

D. quantities: Building 658» ACP« • 

Number to be exposed together (Total Charge: 

Consent 

Requester Signature _•»■• Date 

Approvals: 

_B3»1 

„3&13 

_S«»l 

Requester Project Leader 

Appropriate Reactor Committee 

•Usually Bldg. CM* ACPR will 
only be used for aoa-destructlv 
testlag and abort time storage 
of radioactive test Items. 

Figure 2-113.   (continued). 

I 
is 
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2.12 STATE UNIVERSITY OF NEW YORK 
AT BUFFALO REACTOR 

2.12.1 Characteristics 

The Nuclear Science & Technology Facility Reactor is a 2-MW, open-tank-type 
reactor built by AMF Atomics. The present core went critical on June 22, 1964. 
Fuel is 6% enriched UO2 clad with zircaloy. A fuel element consists of a bun- 
dle of 25 fuel pins in a 5 x 5 array. The minimum critical configuration consists 
of 16 elements in a 4 x 4 array. A more typical core would consist of 22 elements 
containing a total of 320 kg of UO2. Control is attained with 5 blade-type con- 
trol rods and 1 pulse rod. Moderation and cooling is provided by light water. 
Core reflection may consist of light water, graphite, aluminum, or a combination 
of these. 

The core is fixed in the center of an approximately 7-ft-dia. tank. The upper 
hall of the tank widens to approximately 7 x 14 ft. Distance from grid plate to 
top of tank is about 26.5 ft. Two sides of the core are utilized by beam tubes 
and pneumatic conveyors. A third side is u&ed by the thermal column. The remain- 
ing side has a voidable tank which couples the core to the dry exposure chamber. 

2.12.1.1 Beam Tubes 

Five beam tubes are available. Four 6-in. tubes occupy the north face of the 
core. The south face has one 6-in. tub». The tubes are at various elevations with 
respect to the grid plate. The tubes have two steps which increase their size at 
the outer end to facilitate shielding. The tubes terminate at the outer face of 
the concrete reactor shield. The total length of the tubes is about 9.5 ft. When 
not in use, the tubes are sealed with Al cans filled with concrete, a Pb plug, 
and the remaining space is filled with water. Permanent plumbing provides for 
venting, filling, and draining of the bean tubes. Normally, no attempt is made to 
circulate or otherwise control the atmosphere in the beam tubes. Experiments to 
be placed in a bens tube should be at least 0.25-in. less than the nominal size 
of the tube to ensure passage. If it is necessary to bring wires or other leads 
out of the tube, special shielding is required. Slotted plugs are available for 
the 6-in. tubes, which will accommodate a l-in.-dia. bundle. Also useful is * Pb 
shutttsr that can be hung on the wall over the beam tube. The shutter can be 
raised vertically and provides 3.5 in. of Pb shielding. A cask is available for 
either experiment transfer or tube shielding purposes. The cask is mounted on a 
wheeled dolly. It has an inside volume of 12 in. x 12 in. x 13 in. 4eep. It pro- 
vides 3 in. of Pb except for the rear wall which has 3.5 in. Additional shielding 
can be made from Pb bricks, concrete blocks, or high-density aggregate. 

2.12.1.2 Thermal Column 

A horizontal thermal column occupies the west face of the core. It is cen- 
tered and symmetrical about this face. A 5-in.-wide water gap exists between the 
core and the end of the column. Between the water gap and the tank wall is a 
graphite-filled pyramidal frustum 2 ft % 3 in. thick. Outside the 0.5-in.-thick 
Al tank wall there is a 4 ft x 4 ft x 5 ft-deep cavity filled with graphite bars 
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and surrounded by an Al liner and high-density concrete. A space 23-in. deep is 
available behind the graphite for locating samples. Access to the column is ob- 
tained by removing a 52.5-in.-thick, high-density concrete plug which is motor 
driven on rails. Four of the graphite bars are removable. The removable bars are 
in 2 pieces. If the outer piece is removed, a cavity 2-ft deep is created. If 
both sections are removed, a cavity extends to the reactor tank. Each bar is 4 
in*. The graphite can be entirely removed from the outer section of the col- 
umn. This gives a higher flux but at the expense of fast-to-slow ratio and in- 
creased Y dose. Table 2-47 gives some quantitarive data. 

Electrical and other leads are easily brought out through the shield, eitner 
by not closing the plug tightly and coming out underneath the plug, or by using 
ports in the plug and auxiliary shielding. 

Table 2-47. Thermal col jmn fluxes. 

Position 
Flux 

(n/cm2/s) 

Outer face center 1.47 x 107 

Outer face center backed 
with 4 in. of paraffin 5.68 x 107 

2 ft into column backed 
with graphite stringer 8.77 x 108 

At tank wall backed with 
graphite stringer 3.15 x 10'0 

Tube 1.75 x 109 

Conditions: 
Reactor Power at 2 MW 
Loading Number 23 
May, 196- 
Co Foil Detector 
Pb Y shield removed from pool 

-: - 

2.12.1.3 Pneumatic Conveyor 

The pneumatic system it used to position mull samplet at the tide of the 
cote. The "rabbit" it made of molded polyethylene and hat screw-on end caps. The 
rrtftide volume it a cylinder 1.25 in. in dia. x 6 in. long. Two systems there a 
coraton blow??,. Conveyor Kuabi-r ! hat its tending etation between Laboratories 103 
and 104 on the y deck. The Pb-shielded return box it alto located between the 
laboratories vith a door opening into each laboratory. Both laboratories have 
fuav* hoods at the return box for proper handling of the cample. Conveyor Nuatber 2 
has its operating ttation against the tank thield near Laboratory 104 on the y 
week. Again, the return box it thielded and it in a fuse hood. Conveyor Number 1 
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terminates at the north face of the core .Ad Corveyor Number 2 terminates at the 
south face. The irradiation position is about J in. from the core and is about 
the mid plane. Rabbits are dispatched by push-button and can be returned either 
manually or by use of a preset timer. Two timers are available; o.ie has a range 
of 0 to 20 min, nd the other has a range of 0 to 5 hr. Return tiau: for a rabbit 
is less than 3 s for Syste-n Number 1 and less than 5 s for System Number 2. Be- 
cause of radiation damage to the rabbit, single irradiations are normally kept to 
less than 4 hr. Samples used in a rabbit should be encapsulated. The encapsula- 
tion could be a polyethylere bottle, a polyethylene sealed bag, or a quartz am- 
poule. Unless padded, a sample receives severe mechanical shock at the core and 
receiving stations. Figure 2-114 and Table 2-48 give some thermal neutron and y 
flux data for the rabbit tubes. 

2.12.1.4 Fission Plate 

A fission plate 13-in. long x 13-in. high x 0.5-in. thick is available for 
use in the thermal column or square beam tube. It contains 1,040 g of 89.82% en- 
riched U encapsulated in Al. 

The conversion ratio of incident thermal flux to emitted fast flux is approx- 
imately 1 to 1. The plate is useful in experiments that require a fast flux of 
known spectral characteristics. Because the plate can be used only at the outer 
face of the thermal column, only rather low thermal fluxes are available to drive 
it. 

2.12.1.5 Reactor Pulse Characteristics 

The Pulstar reactor has the ability to pulse as well as operate at high 
steady-state levels. This feature is provided by a pulse rod and associated in- 
strumentation systems. Pulsing is presently done using a 20-element core in a 4 
x 5 array. The maximum pulse permissible has a peak power of 2,000 MW and an 
energy release of approximately 35 MW-s. Pulse width at half height is approx- 
imately IS as; the lower the peak power, the wider the pulse. Total energy 
released is, therefore, not proportional to peak power. The maximum pulse repeti- 
tion rate is 3/hr. 

Vluence in a pulse can be estimated from the pulse energy released and the 
knirwn steady-state flux in the position of interest. Experiments can be exposed 
in any of the normally available facilities, except those located within the 
core. 

2.12.2 Applicability and Availability 

The facility is primarily a steady-state reactor The reactor could be set up 
for pulsing if the need were sufficiently great. Address inquiries to: 

Philip M. Oriosky 
Operation» Manager 
Stata University of Hew York at Buffalo 
Rotary Road 
Buffalo, NY 14214 
Telephone:    (716) 831-2326 
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Tab!? 2-48. Thermal neutron and y fluxes in the fast 
rabbit tubes. 

Tube 
Neutron 

(x 1012 nv) 
Gamma 

(x 107 R/hr) 

1 

2 

3 

4 

5 

6 

2.96 

1.15 

2.15 

3.24 

1.07 

1.71 

1.90 

1.00 

1.43 

1.79 

1.18 

1.43 

Power:  2 x 106 watts 
Loading: 66-G-4-A 
Date:   June 24, 1968 
Pair combinations: 1-4, 2-5, 3-6 
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2.13 AFRRI REACTOR FACILITY 

2.13.1 Characteristics 

The AFRRI-TRIGA is a TRIGA MARK F thermal research reactor installed in 1962 
with its original Al-clad fuel. In 1965, stainless-steel-clad fuel was installed, 
and that core is still in use today. The core consists of 84 TRIGA standard ele- 
ments and 4 TRIGA-instrumented e?ements, each containing 3 chromelalumel thermo- 
couples. The fuel material is 8.5 w/o U in ZrH2, with U maximum enriched to a 
nominal 20%. 

The experimental facilities consist oZ 2 large exposure rooms, a pneumatic 
transfer system for irradiation of small samples with a capability to direct the 
irradiated samples to the hot cell fee remote manipulation, and some facilities 
for in-pool irradiations. 

2.13.2 Test Parameters 

The TRIGA MARK F can operate at a steady-state power level of 1 MM for ex- 
tended periods of time, or can be pulsed to provide short bursts of radiation for 
experimental use. The maximum pul3e allowed is $3.28 from a steady-state power 
level less than 1 kW, with the total power not to exceed 33 MW-s. However, in 
practicality, the maximum pulse which can be obtained is about $2.90, which pro- 
vides a rise to 1,800 MW, with a FWHM of about 10 ms. Pulses are generally initi- 
ated from a power level of 15 W for consistency, and are generally reproducible 
within several percent. Depending on the size of the pulse, it takes from 20 min 
to 1 hr to get set up for another pulse. 

2.13.3 Support Capabilities 

The reactor facility staff consuls of only operations personnel. All support 
activities such as health physics and dosimetry are consolidated, and support the 
entire institute. Their services are available to support work at the reactor 
with prior scheduling and coordination. 

2.13.4 Procedural Information 

More information can be obtained by contacting Lieutenant Colonel Edwin T. 
Still a«: (202) 295-0227. For technical information, contact Captain Ronald E. 
Schaffer at (202) 295-1290. At least 1 month is required to schedule a new exper- 
iment, but after the experiment has been approved, a lead time of 1 week is gen- 
erally sufficient. The cost of the reactor is $88.00/hr plus an additional 20% 
for dosimetry support. The address is: 

AFRRI 
Building 42 
NNMC 
Bethesda, MD 20014 
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2.14 UNIVERSITY OF WISCONSIN TRIGA 
NUCLEAR REACTOR FACILITY 

2.14.1 Characteristics 

This is a U-ZrH2 fueled TRIGA-type thermal reactor immersed in a pool with 
four 6-in. beam ports, thermal column, and in-pool irradiation facilities. 

2.14.2 Test Parameters 

Test parameters are as follows: 

1. 1,000 kW steady state; pulses of up to 900 MW (12.2 MW-s). 

2. Excess reactivity is 3.8% AK/K; maximum pulse reactivity 
is 1.4% AK/K. 

3. 3.8-ms initial period, 15-ms FWHM. 

4. Capable of approximately 4 highly reproducible pulses/hr. 

2.14.3 Support Capabilities 

Typical University Research Reactor staffing and facilities are available. 
Contact R.J. Cashwell, lleactor Supervisor. 

The operating schedule is very flexible. The price list is as follows: 

1. Irradiations 

a. Pneumatic tube 

b. Whale and porpoise tubes 

c. Irradiations outside core box, 
including beamport use and 
thermal column 

2. Use 

a. Exclusive use 

b. For more than 8 hr 

3. Use of Equipment 

a. Single-counting channel 

b, TN-11 multichannel analyzer 
and sample changer 

4. Services 

a. Reactor staff 

b. Senior operator 

5. Expendable materials 

$ 66.00/hr (Minimum $5.00) 

$ 60.00/hr (Minimum $15.00) 

$ 55.00/hr (Minimum $12.00) 

$119.00/hr 

$ 95.00/hr 

$ 3,60/hr 

$ 5.00/hr 

$ 10.25/nr 

$ 15.80/hr 

At Laboratory cost 
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The shipping address is: 

141 Mechanical Engineering Bldg. 
university of Wisconsin 
Madison, WI 53706 
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2.15 U.C. IRVINE DEPARTMENT OF 
CHEMISTRY TRIGA REACTOR 

2.15.1 General Characteristics 

No current utilization as a burst facility other than for NAA. The U.C. Ir- 
vine TRIGA, MARK I, is a 250-kW steady-state reactor. Fuel used is U-235, 2035 
enriched. Moderator is ZrHj^/l^O/ graphite. Immediate test environment is a 
water pool (20-ft underwater, access only from top) with dry tubes. 

2.15.2 Operating Characteristics 

Power level(s) (total fission output/burst) is 1,000 MW peak/15 MW-s pulse; 
the FWHM is 11 ms. Available reactivity is up to $3.00. The reactivity insertion 
rbte period is about 3 ras. The repetition rate is 6/hr, with good reproduci- 
bility. 

2.15.3 Support Capabilities 

Timing signals are available from pulse fire circuit and rod sensors. 

One ion chamber, some calculational capabilities, machine and electronic shop 
facilities within the School of Physical Sciences, and very limited experiment 
preparation laboratories are available. Photographic equipment and materials are 
not available. 

2.15.4 Procedural Information 

For technical and administrative information, contact: 

Dr. George E. Miller 
Supervisor 
Department of Chemistry 
U.C. Irvine 
Irvine, CA 92717 

Scheduling (lead time) is several months for special experiments. Cost is ne- 
gotiable. The shipping address is: 

Department of Chemistry 
U.C. Irvine 
Irvine, CA 92717 
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2.16 WASHINGTON STATE UNIVERSITY REACTOR 

The Washington State University (WSU) Nuclear Radiation Center research reac- 
tor is a swimming-pool-type reactor originally constructed in 1961 hy the General 
Electric Company for operation at 100 kW thermal power using MTR-type fuel ele- 
ments. In 1967, the reactor was converted to allow use of TRIGA-type fuel (U- 
ZrH2) of 20% enrichment. At that time, the power leval was increased to 1 MW 
and the addition of an electro-pneumatic transient control element allowed puls- 
ing operations of up to $3.15 inserted reactivity. 

In 1976, additional instrumentation and control systems were added to allow 
the use of FLIP-type TRIGA fuel (70% enriched, containing 1.5% Er). At present, 
the core loading consists of 110 fuel rods in 4-rod clusters of which 35 are FLIP 
rods and 75 are TRIGA-Standard rods. Pulsing capability after conversion to mixed 
core was reduced to $2.00 insertions, limiting the average peak power during 
pulsing to approximately 625 MW. 

The experimental program to date has revolved around radioisotope production 
and beam-typ^ experiment:5. Pulsing activities have been limited to engineering 
laboratory studies on pulse characteristics and parameters, test and demonstra- 
tion pulses, and one short-term experiment involving neutron detector develop- 
ment. Normal reactor operation is 8 hr/day, 3 days/week. 

2.16.1 Characteristics 

The WSU TRIGA Reactor characteristics are as follows: 

1. Power 

a. Steady state 

b. Pulsed 

2. Reactor Core 

a. Geometry and composition 

1 MW 

2,000 MW ($2.50 pulse) 

b. Grid box dimensions 

c. Grid arrangement 

d. Active lattice height 

e. Fuel-moderator composition 

f. Fuel enrichment 

g. Fuel element construction 

Lattice of fuel-moderator ele- 
ments, graphite reflector ele- 
ments, and control blades in a 
rectangular grid box, all in 
water 

26 in. x 30 in. 

7-element x 9-element array 

15 in. 

8.5 w/o U, 89.9 w/o Zr, and 1.6 
w/o H for standard fuel; 8.5 w/o 
U, 1.5 w/o Er, 1,6 w/o H, and 
88.4 w/o Zr for FLIP-type fuel 

20% U-235 for standard; 70% U- 
235 for FLIP 

4-rod cluster element 
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h. Fuel rod dia. 

i. Fuel H/Zr stom ratio 

j. Metal-to-water ratio 

k. Fuel rod cladding 

1.  O-235/fuel rod 

m. Fuel rod cluster (element) 
length 

n. Critical mass (cold clean) 

o. Core loading for $7 excess 
K (standard TRIGA only) 

p. Neutron source 

q. Reflector (vertical) 

1.41 in. 

1.7 to 1 for standard; 1.6 to 1 
for FLIP 

Approximately 0.5 

0.02-in. Type 304 'stainless 
steel 

35 g for standard; 123 g for 
FLIP 

37-1/8 in. 

3.2 Kg for standard 

103 fuel rods, 26 elements, 3.6 
Kg Ü-235 

Sb-Be 

Graphite cylinder 3.5-in„ long 
on each end of fuel rods plus 
water 

Graphite bars 3 in. x 3 in. in 
water 

6.85 x 106 nv/W 

$0.50 

28 ps 

0.0070 
-2, 

-$1.42 x 10 IX  void 

r. Reflector (horizontal) 

3. Nuclear Parameters 

a. Neutron flux/H (axial 
average position D-3) 

b. Minimum shutdown margin 

c. Prompt neutron lifetime 

d. Effective delayed neutron 
fraction 

e. Void coefficient 

f. Prompt temperature coeffi- 
cient (65Z cell inhomoge- 
neity, 15Z Doppler effect, 
20Z core leakage) -$1.36 x 10"2/°C 

4. Pulsing Parameters (maximum allowable) 

a. Reactivity insertion $2.00 

b. Fuel temper,iture in instru- 
mented fuel rod 500°C 

c. Power level to start 
pulse 2 kW 

5. Core Parameters (approximate, dependent upon 
fuel temperature - all standard fuel) 
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a. Neutrons/fission 2.07 

b. Thermal utilization factor 0.696 

c. Resonance escape 
probability 0.950 

d. Fast fission factor 1.06 

e. Fermi age 22.6 cm2 

f. Diffusion length squared 
9 

2.74 cm' 

g- Buckling 0.017 cm"2 

h. Infinite multiplication 
factor 1.45 

i. Fast rtonleakage 
probability 0.722 

j. Thermal nonleakage 
probability 0.956 

Support Capabilities 

Facilities available at the Nuclear Radiation Center include fully equipped 
electronics and machine shops, including professional personnel and experiment 
preparation laboratories. The reactor staff includes 2 full-time senior opara- 
tors, 1 full-tin.e operator-technician, and 2 part-time reactor operators. 

2.16.3 Procedural Information 

Technical and administrative information, including scheduling and charges, 
may be provided by either William E. Wilson (Associate Director), or Thomas A. 
Lovas (Operations Manager) at the following address: 

Nuclear Radiation Center 
Washington State University 
Pullman, WA 99164 
Telephone: (509) 335-8641 
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2.17 BERKELEY TRIGA MARK III 

2.17.1 Characteristics 

This pool reactor is fueled with U-ZrH2, 8.5 w/o~2QZ enriched, and moder- 
ated with ZrH2 and R^O. The immediate test environment is R^O, graphite, or 
air. 

2.17.? Test Parameters 

Test parameters are as follows: 

1. Power level 

2. Fissions 

3. Available reactivity 

4. Reactivity insertion rate 

5. Pulse period 

6. Repetition rate 

7. Pulse 

8. Temperature-time profile 

2.17.3 Environment 

Maximum 1,350 MW 

5 x 1017 

Maximum $3.00 

<1 R/$3 

2.8 ms 

Approximately 10 min 

12 ms at FWHM 

Gaussian 

Figures 2-115 and 2-116 show neutron fluxes. 

Core edge 

• !2wt. %Ufost 
ol2wt. %Uthermol 
O 8.5wt %Ufost 
o 8.5wt.7oU thermol 

Rodiol distance   (cm) 

Figure 2-115.   Normalized neutron flux versus radial distance. 
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Figure 2-116. Normalized neutron flux versus axial distance. 

Background radiation levels are 0 to 50 mrem/hr total Xßy. There is no 
background RF, ywavc, neutrons, etc. Diagnostic techniques used in the environ- 
ment measurements are film, TLD, and assorted survey meters. Errors in the envi- 
ronment measurements are *20X. 

2.17.4 Support Capabilities 

Professional and nonprofessicnal technical support staff available are reac- 
tor supervisor, reactor health physicist, chief reactor operator, reactor opera- 
tor, machine and electronic shop personnel, and reactor laboratory secretary. 
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PG&E and emergency generator, several timing signals, assorted ion chamber 
and GM/TLD, film and criticality foils, decontamination room, general machine and 
electronic shop equipment, hoods, capsules, sealer, etc. are available, in addi- 
tion to a photographic darkroom, eniarger, and cheiticals. 

2.17.5 Procedural Information 

For technical and administrative information, contact T.H. Lim, reactor su- 
pervisor. Scheduling lead time is 1 week. The cost is $55 to $110/hr irradiation. 
The shipping address is: 

fRIGA III Berkeley Research Reactor 
Department of Nuclear Engineering 
University of California 
Berkeley, CA 94720 
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2.18 KANSAS STATE UNIVERSITY (KSU) TRIGA MARK II 

2.18.1 General Characteristics 

Fuel of this thermal reactor is 20% enriched U in a ZrH2 matrix, stainless- 
steel claddiiig. The moderator is H^O, graphite. Tests can be performed in core 
or in beam port. 

2.18.2 Operating Characteristics 

Power levels are 10' j/pulse. Peak power at ambient temperature is 250 MW. 
Available reactivity is $2.00. The pulce period is 10 tas. Repetition rate is 1/15 
min, and reproducibility is ±ZX  peak power. 

2.18.3 Environment 

Flux deneity at peak power is 10*°cm~2s~* (neutrons, E > 0.2 eV). The 
pulse width is 35 ms ($2.00). Background is 2.5 x 10^ rad/s (y) in central 
thimble at peak pulse power. Diagnostic techniques are foil counting and in-core 
ion chambers. 

2.18.4 Support Capabilities 

The staff consists of 3 professionals, 3 support personnel, plus full re- 
sources of the Nuclear Engineering Department faculty, staff, and facilities. 

Timing signals are available. The dosimetry is full range, active and pas- 
sive. An IBM 370-158 provides calculational capabilities. Shop facilities consist 
of a machine shop and an electronics shop. Experimental preparation laboratories 
also are available. Photographic equipment available includes a fully equipped 
darkroom and professional equipment. 

2.18.5 Procedural Information 

For information regarding the use of this facility contact: 

Richard E. Faw, Director 
KSU Nuclear Reactor Facility 
Ward Hall 
Kansas State University 
Manhattan, KS 66506 

Scheduling requires a 30-day lead time. Costs are available upon request. For 
shipping, the address is *s  listed above. 
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2.19 UNIVERSITY OF TEXAS AT AUSTIN 
TRIGA MARK I 

2.19.1 Characteristics 

Fuel rods are 28-in. long x 1.5-in. dia., cf 0.020-in. stainless-steel clad- 
ding. The fael is U-ZrH?, with 20% enriched U-235. The reflector is graphite 
and light water. The moderator is light water, graphite, anc Zrl^. 

2.19.2 Support Capabilities 

Figure 2-117 is a sketch of the reactor floor plan. Other experimental de- 
vices available at the laboratory are a subcritical assembly, a 2,000 Ci Co-60 
irradiator, a Nuclear Chicago Sodium Iodide coincidence counting system, a neu- 
tron beam irradiation facility, and numerous proportional and Geiger-Mueller de- 
tection ar.d counting systews. 

2.19.3 Procedural Information 

For information concerning the use of the facility, contact Dr. E.L. Draper, 
Jr., or Mr. Joseph A. Burack at the following: 

The University of Texas Main Campus 
Taylor Hall 131 
Austin, TX 
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SECTION 3 

FLASH X-RAY MACHINES 

3.1 INTRODUCTION 

In these machines, electrons generated by discharge of stored electrical en- 
ergy through a cold cathode tube are converted to x-rays. They also are referred 
to as electron-beam generators since the electrons themselves can be used di- 
rectly for irradiation studies. 

Flash x-rays have high dose rates over a relatively large volume. A wide 
range of beam intensities, energies, and spatial distribution profiles may be ob- 
tained by varying m-chine design factors such as stored charge, charging V, cir- 
cuit parameters, ca geometry, and target material. However, for a given 
machine, the pulse widtu is essentially fixed and only limited variations of pho- 
ton energy and dose rate are possible. 

Machines presently available for TREE studies cover a wide range of operating 
parameters. The amount of energy a particular machine can deliver is generally 
proportional to its physical size. They have the disadvantage that for any given 
pulse the electrical discharge can occur in an unpredicted, abnormal mode, deliv- 
ering an output pulse unlike that expected. This problem is encountered much more 
frequently in the large machines than in the smaller ones. The fidelity of a 
given pulse is not guaranteed and sufficient diagnostics should be employed to 
monitor each shot. 

At each facility, the staff operates the machine, assists in setting up the 
experiment and determining dosimetry, and is available for technical consulta- 
tion. 

Flash x-ray (FXR) facilities were requested to supply data emphasizing quan- 
titative descriptions of the electron and x-ray fields and the accuracy to which 
these values are known. Requests were also made for data characterizing the pre- 
dictability and reproducibility of the environment on a pulse-to-pulse basis. 
Figure 3-1 is a copy of the form sent to the individual facilities. 
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I. Electron-beam mode, environment 

A. Total beam energy versus voltage 

B. Beam geometry (area, spread, pressure in beam region, etc.) 

C. Output wave form versus time for different voltages 

D. Beam-energy density versus position (axial and plan view) subject to 
perturbation by experimental equipment 

E. Electron-energy spectrum as a function of voltage, position, and time 

F. Characteristic deposition in Si, Au, etc. 

G. Repetition rate and pulse reproducibility/predictability 

H. Diagnostic techniques used in the environment measurements 

I. Discussion of errors in the environment measurements 

0. Electrical noise mapping (experimental configuration dependent) 

II. High-voltage flash x-ray mode, environment (quantities dependent upon 
anode-cathode geometry and charging yoltage) 

A. Dose as a function of position (both axial and plan view, data to be 
presented as isodose contours) 

B. Dose rate as a function of position (noth axial and plan view of isodose 
rate lines) 

C. Output wave form versus time as function of voltage and position 

D. Photon spectrum versus time as function of voltage and position 

E. Pulse-timing jitter (pre-pulse and trigger) and pulse delay 

F. Repetition rate and pulse reproducibility 

6. Diagnostics techniques used in the environmental measurements 

H. Discussion of error bars and reproducibility 

1. Electrical noise mapping (experimental-configuration dependent) 

III. Support capabilities 

A. Professional and/or nonprofessional technical support staff available 

B. Screen room 

C. General electronics available: power, cabling, and minimum cabling 
requirements 

D. Timing signals 

E. Dosimetry available (active and/or passive) 

F. Calculational capabilities available 

. 
Figure 3-1. Outline of data requested from FXR facilities. 
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G. Shop facilities 

H. Experiment preparation laboratories 

I. Photographic equipment and materials 

J. Test area and configuration available 

IV. Procedural information 

A. Contact (technical and administrative) 

B. Scheduling (lead time) 

C. Cost information if available and/or releasable 

D. Shipping address 

Figure 3-1.    (continued). 
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3.2    FEBETRON 705 ELECTRON-BEAM SYSTEM 

3.2.1 Characteristics 

The output characteristics of various Field Emission Corporation (now Hewlett 
Packard) FEBETRON 705 systems are similar, and only one description is given. 
Support facilities of the individual laboratories: Northrop Research and Technol- 
ogy Center, Kaman Sciences Corporation, Lockheed Palo Alto Research Laboratory, 
and EG&G are described further on in this section. 

An electron beam is generated by discharging the Marx generator through a 
field-emission cathode vacuum tube. The electron beam impinges upon and passes 
through a thin Ti window which serves as the tube anode. The tube discharge V 
(600 kV to 2.3 KV) can be adjusted continually over the operating range by chang- 
ing the charging V and the gas pressure of the containment tank. 

A magnetic coil around the discharge tube produces a magnetic field which fo- 
cuses the electron beam. This field is internal to the containment tank and dur- 
ing normal operation has a field strength of approximately 4,000 G. This magnetic 
field may influence the experimental apparatus placed immediately adjacent to the 
tank wall or face. 

X-rays are produced by placing a W (or other suitable material) target at the 
external focus of the electron beam. 

3.2.2 Test Parameters 

15 

Operating „naraeteristics of the FEBETRON 705 are: 

1. Maximum charging V 35 kV 

2. Tube V (maximum electron energy) 2.3 MeV 

3. Average electron energy 1.4 MeV 

4. Total beam energy/pulse 400 J 

5. Peak electron-beam I 5,000 A 

6. Number of electrons/pulse ^ x 10 

7. Pulse width (FWHM) 

a. Electron mode 20 to 50 ns 

b. X-ray mode 20 ns 

8. Peak electron energy fluence/pulse 
2 

a. At tube face  (anode) <s?5 cal/cm 

b. 30 cm from tube  face </X).l  cal/cm 

9. X-ray intensity/pulse 

a. At  target ^7,000 H 

b. 30 cm from target <s?5 R 
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These data are not definitive and are meant only to be used as a guide. 

Because of the finite rise and fall times of the accelerating V pulse, the 
output electrons are continuously distributed from zero to the maximum energy. 
The electron-beam dia. is dependent upon discharge V and magnetic field strength. 
Typically, the beam dia. (80% peak intensity at edge) is less than 0.8 cm. The 
peak x-ray intensity is available over only a very small area, and the maximum 
usable dose is somewhat less Iv.an this value. Total beam energy as a function of 
charging V and focusing magnetic field strength is given in Figures 3-2 and 3-3. 

The beam pinches to the geometric center line a short distance in front of 
the tube and then diverges. The exact shape of the contour and the value of its 
maximum vary with machine parameters such as charging V, magnetic focusing field, 
type of electron-beam tube, and distance from the anode. 

Maximum pulse repetition rate (with a special power supply) is 10 pulses/s. 
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Figure 3-2. Total output beam energy, E, versus charging V 
(Vdc) for the FEBETRON'705/tube 545C. 
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Figure 3-3. Beam energy, E, and enerpy density (fluence), W0, 
at the tube face versus focusing field, H, at 
8 kV for the FEBETRON 705/tube 545A. 

Figure 3-4 is a superposition of 6 output I waveforms (no Al filter). Experi- 
ence has shown that center-line dose values are reproducible to within 5%. The 
actual spatial orientation of the dose center line is not necessarily coaxial 
with the tube center line, and varies from tube to tube. The dose center-line po- 
sition may be established by taking dosimetry measurements each time the dis- 
charge tube is changed, and occasionally during the life of the tube. 

Noise measurements by the manufacturer indicate RF noise is less than 5 mV 
across SO ohms at the pulser fac?, and can be reduced to 1 mV by appropriate 
shielding. 

Electron-beam measurements are made using calorimeters and Faraday cups. 
X-ray measurements are made using TLDs, cellophane and glass dosimeters, and pho- 
todiodes. 
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Figure 3-4. Pulse-to-pulse repeatability test for 
the FEBETRON 705/tube 545C. 

3.2.3 Environment for Electron-Beam Mode 

Beam profiles are given in Figures 3-5 through 3-7. Electron-beam energy flu- 
ence maps are given in Figures 3-8 through 3-10. Waveforms of the output beam are 
shown in Figures 3-11 and 3-12. 

The electron energy spectrum was determined by analyzing the dependence of 
the output I waveform on the thickness of Al absorbers in the range of 0 to 175 
mil. From these waveforms, the transnitted I, as a function of absorber thickness 
and time, was determined and the output electron energy, as a function of time, 
was derived. This curve, along with the time-dependent output beam I curve, is 
shown in Figure 3-13. Analysis of these data led to the electron energy spectrum 
curves shown in Figures 3-14 and 3-15. In Figure 3-14 it is assumed that the in- 
stantaneous electron spectrum is a delta function in energy. The charge in the 
3/4-in.-dia. output beam used for spectrum determination is 194 uC. Total 
charge in the output beam is 320 yC (2 x 1015 electrons). 

Figure 3-16 is a dose-depth profile for Al as measured using blue-cellophane 
dosimetry foils. Analytically determined deposition profiles for carbon are given 
in Figures 3-17 and 3-18. 

3.2.4 Environment for X-Ray Mode 

X-ray exposure maps derived from experimental data and analytical calcula- 
tions are given in Figures 3-19 through 3-21. Figure 3-22 depicts the uniformity 
or useful region of the beam as a function of x-ray exposure. The x-ray output 
waveform, as determined from a photodiode detector, is shown in Figure 3-23. 
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Figure 3-5. Electron-beam intensity profile in plane 0.5 in. 
from tube face for the FEBETRON 705/tube 545C. 
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Figure 3-6. Beam energy density profiles for various 
operating conditions for the FEBETRON 705. 
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Fiaure 3-10. Electron-be«? energy fluence map 
for the FEBETRON 705/tube 545C. 
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Figure 3-21.    Angular distribution of x-ray exposure at large 
distances from the target for the FEBETRON 705. 
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Figure 3-23. X-ray dose rate waveform for the 
FEBETRON 705/tube 545C. 
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The photon spectrum has been estimated analytically based upon various as- 
sumptions regarding the electron spectrum. Results are given in Figure 3-24. 
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Figure 3-24. Estimated x-ray energy spectrum 
for the FEBETRON 705. 
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3.3 FEBETRON 706 ELECTRON-BEAM SYSTEM 

3.3.1 Characteristics 

Support facilities of the Field Emission Corporation (now Hewlett Packard) 
FEBETRON 706 are:  Lockheed, EG&G, Triangle Institute, and Westinghouse. 

FEBETRON tubes are field emission-diodes characterized by large I and small 
size. Instead of an internal anode, they have a thin window through which the 
electron beam is transmitted for external use. 

3.3.2 Test Parameters 

The 2 tubes which operate in the 706 system have nearly identical waveforms 
(Figure 3-25). Their very short pulse length, approximately 3 ns, enhances the 
excitation and observation '•f very fast transient phenomena. The 2 tubes have 
different beam densities and beam profiles to accommodate different applications. 
The total beam energy is nearly the same in both cases. The electron energy can 
be varied over a broad range. Maximum recommended pulse rate is 1 pulse/rain. The 
characteristics given correspond to the maximum warranted output. Electron-beam 
output and x-ray output specifications for the 706 system are given in Tables 3-1 
and 3-2, respectively. 

The Model 5510 electron-beam tube accelerates electrons in a vacuum and 
transmits the beam through a thin window. It has high transmitted I (7,000 A), 
500-keV beam energy by penetration, and provides 10 J/pulse with reproducibility 
of ±3% rms. 

The Mode1. 5515 electron-beam tube is for maximum beam density and minimum 
source size. 

A high-V power supply is used to charge the pulser rated at 5 mA, adjustable 
V from 0 to 30 kV. 

1 

A 

1 

A, e=  1 
10 ns/cm 

(Redrawn from scope picture) 

Figure 3-25. Wavefcrm of transmitted electron I. 
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Table 3-1. 706 system electron-bearn output spec:1 -ications. 

Parameter Tube 5510 Tube 5515 

Total Output Beam Energy 10 J 12 J 

Maximum Beam Energy Density 4 J/cm2 8 J/cm2 

Surface Dose in Al 2 Mr ad 4 Mr ad 

Linear Extrapolated Range in Al 
equivalent electron energy 

160 mg/cm2 

500 keV 
200 mg/cm2 

600 keV 

Pulse Rate 1/min 

Table 3-2. 706 system x-ray output specifications. 

Parameter 

Tube 5515 
(external target) 

Tube 5290 
(internal target) Full Beam Apertured Beam 

X-ray Source Dia. 8-mm effective 4 mm 2.8 mm 

X-ray Dose 
12 in. from Tube Face 
Maximum 

60 MR 
ICO R 

25 MR 
7 R 

Maximum X-ray Dose Rate 4 x lolO R/S 2 x 109 R/s 

Penetration in Al 2 in. at 6 ft 2 in. at 2.2 ft 2 in. at 3.5 ft 

Pulse Rate 1/min 

The solid curve in Figure 3-26 shows the measured electron dose versus depth 
in thick Al absorber located 0.5 in. fro« the tube face. It is quite similar to 
published data for 500-keV moncenergetic electrons (dashed curve). The surface 
and maximum doses in Al are 2.6 and 3.4 Mrad, respectively. The peak dose rate 
reaches 10^ rad/s. Integration of the area under the dose-versus-depth curve 
yields an energy density of 3.6 J/cm*. Energy density profiles across the beam 
are shown in Figure 3-27 for two distances (0.125 and 1.5 in.) from the tube 
face. At the closer distance, a peak density of 5.5 J/cm^ and a beam half-width 
of 8 mm are suited to the intense irradiation of small objects. At the larger 
distance, a broader beam allows nearly uniform irradiation of larger areas. 
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MEASURED DOSE FOR MODEL 5S10TUBE 

PUBLISHED DOSE FOR 500 keV 
MONOENERGETIC ELECTRONS 

50 100 150 200 

ALUMINUM THICKNESS IN MG/CM2 

Figure 3-26. Measured electron dose versus depth 
in thick Al absorber 0.5 in. frei 
the tube face. 
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Figure 3-27. Energy density profiles across 
the beam. 

Figure 3-28 shows the beam energy density near the axis as a function of dis- 
tance from the tube face; the values shown are the average energy density ever a 
0.25-in.~dia. calorimeter centered on the axis. Peak values on the axis are some- 
what higher, as indicated by the dosimetry check point. The beam expands in vac- 
uum and the energy density follows a l/r* law at distances greater than 1 in. 
However, in other media the beam propagation characteristics are affected by the 
medium. In air, the beam expansion is considerably reduced and actually converges 
at 3 in. from the tube, at least near the axis. 
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Figure 3-28. 

1 10 100 
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Beam energy density near the axis as a 
function of distance from tube face 

Figure 3-29 shows a complete mapping of the electron beam in the region near 
the tube window, derived from the data of the previous 2 figures. Both energy 
density and surface Al dose scales are shown. 

SYSTEM 
AXIS 

TUBE WINDOW- 

0.2 IN 

BEAM ENERGY SURFACF 
DENSITY DOSE 

(jouies/cmN (megaradsl 

A    4 3.2 
B    3 24 
C    2 1.6 
D    1.5 1.2 
E     1.25 1.0 
F     1.0 0.5 
G    05 0.4 

Figure 3-29. Map of electron beam in region near 
the tube window. 

1 

Calorimetric measurements of the total beam energy in 100 successive pulses 
and statistical analysis yields an rms fluctuation of 3Z in the total beam energy 
for tube 5510. Similar measurements with a portion cf the beam (0.25-in.-dia, 
calorimeter) show a mean fluctuation on the order of 5Z in energy density near 
the window (air or vacuum). Comparable fluctuations «re expected in the local 
dose. 
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The solid curve of Figure 3-30 shows the electron dose versus depth in Al at 
0.5 in. from the 5515 tube face; the dotted curve shows the dose versus depth for 
tube 5510 for comparison. 
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Figure 3-30. Electron dose versus depth in Al at 
0.5 in. from 5515 tube face. 

Nominal peak dose for tub*. 5515 is 7 Mrad and the linear extrapolated range 
of 214 mg/cm^ is equivalent tc that of 620-keV monoenergetic electrons. Mea- 
surements of the peak I density at 0.125 in. from the tube face, using a fine ap- 
erture Faraday cup, yield a value of 4,000 A/cm*. 

Figure 3-31 compares the energy-density profile for the 2 tubes in the plane 
0.125 in. from the tube face. The effective beam cross-sectional area is smaller 
for tube 5515. 

20 1.0 vi io 

DISTANCE FROM BEAM AXIS IN CM 

Figure 3-31.    Energ>-^nsity profiles of 2 tubes in 
a plant 0.125 in. from the t-ibe face. 
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Figure 3-32 shows graphs of beam-energy density versus distance from the tube 
face in air and in a vacuum. Solid curves are fcr the 5515 tube; dotted curves 
are for tube 5510. 
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Figure 3-32.    Beam-energy density versus distance from 
tube face in air and in a vacuum. 

Entrgy density is much higher with tube 5515 near the tube lace, but the dif- 
ference decreases at large distances from the tube fare since both tubes have 
comparable values of total beam energy and scattering and traverse energies. 

The beam-energy density in air is much higher than that found in a vacuum, 
although details of the curve differ because of detailed differences in the char- 
acteristics of the injected beam. The fact that the beam energy for tube 5515 
remains high for some distance 's useful in applications requiring a finely ap- 
ertured electron source, particularly where the tube must be protected from pos- 
sible damage by the event under study, since it permits location of the tube 
several inches behind the beam-defining aperture. 

For tube 5515, the surface and maximum doses in Al, in Mrad, are approxi- 
mately 0.5 and 0.8 times the energy density in JIcar-. 

Dose and energy density for tube 5515 are approximately symmetrical about the 
tube axis. Isodose curves have radii from the axis that are typically constant 
within lOZ near ehe tube and within 5%  at 1.5 in. from the tube. 

The pulsie-to-pulse reproducibility and beam symmetry for tube 5515 are simi- 
lar to those for tube 5510. Deviations from symmetry and reproducibility are 
slightly larger. 

An external target converts the FEBETRON's electron beam to an x-ray source. 
Model 5515 tube provides an x-ray source with the penetration shown in Figure 
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3-33. The full-output beam has a source size of 8 mm, which can be quite useful 
at large film-to-source distances (e.g., shadowgraphs of bomb fragments). The 
x-ray beam is sufficiently broad (about 30 degrees) to cover usefully large 
areas. 
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Figure 3-33. X-ray penetration of Model 5515 tube. 

Tubes 5510 and 5515 with an external target also can be used as ns x-ray 
sources for high dose-rate radiation-effects studies. Figure 3-34 shows the dose- 
per-pulse measured on the axis of tube 5515. Near the target, the dose exceeds 
100 R and the dose rate 4 x 10*0 R/s. At a given distance from the tube, the 
x-ray dose for tube 5510 is about 70S of that for tube 5515. 
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Figure 3-34.    X-ray dose versus distance for Model 5515 tube. 
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3.3.3 Northrop Research and Technology Center 
FXR Facilities 

The Northrop Researcn and Technology FXR facility (Figures 3-35 and 3-36) is 
a FEBETRON 705. It is located in the Northrop reactor building, where it is at- 
tached tc one wall of a shielded enclosure (Topatron Model 7222), and is operated 
from a console in the control room adjacent to the machine cell. Instrumentation, 
signal, and power cables, which run from the control room into the shielded room, 
are routed through four 3.5-in. steel tubes which have 90-degree bends to prevent 
radiation streaming into the control area. 

3.3.3.1 Environment for Electron-Beam Mode 

Electron-beam dosimetry measurements were made utilizing calorimeters con- 
structed of 0.125-in.-dia., 0.01-in.-thick Al disks with a chromel-alumel thermo- 
couple unit in the center. Figure 3-37 is a typical electron-beam response curve 
averaged over the data obtained in this manner. 

At full charging V and maximum magnetic field focusing, the electron pulse 
width (FWHM) is approximately 55 ns. 

An external focusing magnet assembly is available to produce electron-besm 
levels of up to 120 cal/cnr. The test specimen size at this level is limited 
to a dia. of »^3/lfc in. A magnetic field of up to 16,000 G is present in the 
target area. 

3.3.3.2 Environment for X-Ray Mode 

A 0,025-in.-thick Ta target is med to generate x-rays. CaF2 TLDs are used 
for x-ray dosimptry. The detectors are calibrated with the Northrop Co-60 source. 
Table 3-3 gives the results of x-ray dosimetry measurements made in the geometry 
depicted in Figure 3-38. A typical x-ray response curve averaged over the exist- 
ing experimental data is given in Figure 3-39. 

At full discharge V and maximum (4,000 G) internal field strength, the x-ray 
pulse width is 20 ns. 

3.3.3.3 Support Capabilities 

Northrou-owned equipment is available on a noninterference basis. Power is 
available from 3 wall-mounted 1-$ aiectrical raceways in the control room (20 
A), and one in the analyzer area (30 A), 'fhich require standard 115-Vac, 3-prong, 
straight safety plugs. Cable lengths of at least 20 ft are required for position- 
ing of test specimens or fixtures in front of the radiation beam. Additional ca- 
ble lengths should be anticipated and added if low-l«vel testing is performed 
with the specimen spaced at greater distances from th** machine face. The screen 
room's primary power is 115-Vac, 1-$, 60-cycle, 15-A. Additional power can be 
connected to the screen room through permanently installed RFI filters, and in- 
cludes: 480-V, 3-$, 60-cycle, 30-A; 120/2Ö8-V, 3-$, 400-cycle, 30-A; 28-Vdc, 
50-A. A scope triggering signal actuated by the tube discharge is available. 
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Figure 3-35. Plan view of Northrop reactor facility. 
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Figure 3-36. Northrop Research and Technology Center 
2.3-MV FXR facility. 
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Figure 3-37.    Typical rlectron-beam response of 
the Northrop FEBETRON 705. 
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Table 3-3.    Northrop FEBETRON 705/tube 545C x-ray beam map. 

Dose at a Distance From the Target t (rad ( 5 1 ) J 

" ■ 

Position Position 
Number i-in. 2-in. 3-ir. Number 1-in. 2-in. 3-in. 

1 1290 495 226 18 309 187 136 
2 984 436 199 19 256 180 136 
3 1030 466 210 20 265 191 146 
4 1050 515 218 21 273 191 143 
5 1110 418 218 22 290 195 142 
7 1040 432 218 23 290 191 146 
8 941 418 225 24 367 210 146 
9 950 41? 211 26 400 203 157 
10 499 325 178 27 345 187 155 
11 490 336 178 28 370 137 154 
12 539 346 194 29 294 178 154 
13 625 307 213 30 289 187 131 
14 607 311 198 31 299 187 121 
15 593 283 189 32 284 187 126 
16 523 271 181 33 274 187 129 
17 455 267 172 

  „ 

3-in diameter 

Figure 3-38. TLO fixture positions for No' 
FEBETRON 705/tube 545C x-ray 
beam map. 

irop 
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Figure 3-39. Typical x-ray response of the Northrop 
FE3ETR0N 705/tube 545C. 

Dosimetry equipment and services include multichannel analyzers, automatic 
counting systems, and gas flow and scintillation detector systems. CaF2 TLDs 
are used for x-ray dosimetry. 

Northrop's IBM 360-65 computer may be used by special arrangement. Nearby 
Control Data Corporation's CDC 6600 and a remote tie-in to an IBM 36Ü-40 is 
available on a contract basis. 

Located within the building are a radiochemical laboratory, a hot cell, and 
a complete machine shop with capability for construction of special shielding 
screens and experimental irradiation devices. The heavy machine shop of the 
Northrop Corporate Laboratories is available on a contract basis. Experiment pre- 
paration and setup laboratories are available to the user. Associated with the 
hot cell is 2,500-Ci Co-60 source with a maximum dose rate of 1.4 x 10* rad/ 
hr. Also, a limited amount of photographic equipment can be made available. 

Test samples are manually placed within the screen room. An adjustable 24- 
in. x 30-in. specimen-support table positioned in front of the beam run3 on 
tracks which span the 8-ft room and are parallel to the beam access. The table 
top is adjustable in height from 30 to 48 ia. above the floor level and will sup- 
port 1,000 lbs. Table-top adjustment from side to side is approximately 4.5 in. 
either side of center. The center of the radiation beam is 42.5 in. above floor 
and the bottom cable feedthrough tube is 50 ia, above the floor level. 
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A vacuum chamber, 12 in. in dia. and 22 ft long, is available for special ap- 
plications. 

3.3.3.4 Procedural Information 

Technical and administrative inquiries should be directed to: 

Northrop Research and Technology Center 
Chief, Northrop Reactor 
3401 W. Broadway 
Hawthorne, CA 90250 
Telephone:  (213) 970-2297. 

The lead time required is dependent upon the type of experiment to be con- 
ducted. Routine experiments and irradiations require only nominal advanced plan- 
ning. 

Costs and charges associated with the use of the facility are documented and 
available directly from Northrop. The shipping address is: 

Northrop Research aud Technology Center 
Flash X-Ray Facility, Northrop Reactor 
3401 N. Broadway 
Hawthorne, CA 90250 
Telephone:  (213) 970-2297. 

The Northrop FXR facility is primarily a research facility but it can be made 
available for TREE experiments as the work load permits. 

3.3.3.f> Reference 

\.    "Northrop Corporate Laboratories 2.3-MV Flash X-Ray and Electron Seam Facil- 
ity," unpublished report available directly from Northrop. 

3.3.4 Kaman Sciences Corporation FXR Facilities 

The Kaman Sciences FEBETRON 705 is housed in a 24-ft x 31-ft underground lab- 
oratory. Access for large or heavy items of equipment is provided by a hydraulic 
lift with a 4-ft x 6-ft platform. 

3.3.4.1 Test Parameters 

The charging V of the machine is 15 to 30 kV, although it may be modified to 
occept a maximum of 35 kV. The minimum charging V is set by the firing character- 
istics of ths machine as controlled by the spark gap. The maximum energy stored 
at 30 kV is 400 J, and is scaled as the square of the charging V. 
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Normally, a Field Emission Corporation model 545A electron-beam tube is uti- 
lized. The maximum energy density available varies from tube to tube and is 20 to 
25 cal/cm2. 

Figure 3-40 is a plot of the total energy as a function of charging V. Figure 
3-41 is a typical normalized electron-beam energy density contour. 

Steady-state repetition rate is 1 pulse/3 mia for continuous operation. For 
up to 5 pulses, the machine may be operated at 1 pulse/10 s. 

Calorimetric measurements indicate that the electron-beam energy density at a 
given spatial point is reproducible to 2.52 rms pulse-to-pulse. 

Pulse timing jitter is less than 10 ns. The pulse also may be delayed over 
the range of 1 ms to 100 ms, continuously variable in 5 ranges. Using a delayed 
pulse adds to the timing jitter by less than 0.2% of the delay setting. 

To minimize electrical noise, the device under test and associated electron- 
ics are placed in an RF shield and tied to the facility ground by a heavy copper 
braid. Circuit ground is located in the RF box and is isolated from facility 
ground. Connecting leads from the RF box to a screen cage containing instrumenta- 
tion are coaxial cables enclosed in a copper wire-mesh shield. Thid shield is 
grounded at a point close to the target end of the machine. Using the above 
grounding and shielding, electrical noise is typically S5 mV when low impedance 
(50fl) driving circuits are used. 

15   20  25 30 35 40 

Charging Voltage, kV 

Figure 3-40. Extracted beam energy of Kaman 
Sciences FEßETRON 70S, electron- 
beam mode. 
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Figure 3-41. Normalized typical beam energy density 
contour (measured at 1 cm from anode) 
of Kamen Sciences FEBETRON 705, 
electron-beam mode. 

X-ray diagnostics utilize LiF TLDs and scintillation detectors. The dosime- 
ters are calibrated by means of a Co-60 source. 

3.3.4.2 Environment for Electron-Beam Mode 

Figure 3-42 is a typical electron-beam center-line energy-density curve for 
the 545A tube. The curve represents summarized data taken from a large number of 
total absorbing Al calorimeter measurements. 

Typical output power waveforms are shown in Figure 3-43 for 2 charging V. 

Figure 3-44 depicts the electron energy spectrum, determined from considera- 
tions of V and I time-dependent waveforms. The data have been corrected for elec- 
tron losses in the thin window anode of the 545A tube. The spectrum is used in 
Monte Carlo electron transport calculations in conjunction with the thin window 
tube anode. Of the several methods which may be used to determine an energy spec- 
trum, this method has been found to give results which are in excellent agreement 
with experimental dose-deptn measurements. 

Experimentally determined dose-depth profiles for several metallic elements 
are given in Figure 3-45. The data are normalized to 1 cal/cm/, and were ob- 
tained at a distance of 5 cm from the anode. Calotimetric measurements are ac- 
curate to ±6%, with a maximum error of ±10% when beam fluctuations are 
included. 
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Figure 3-42.    Center-line beam energy density 
(typical) for Karnan Sciences 
FEBETRON 705/tube 545A, electron- 
beam mode. 
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Figure 3-43.    Instantaneous beam power for Kaman 
Sciences FEBETRON 705/tube 545A, 
electron-beam mode. 
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Figure 3-45.    Normalized deposition in metals for 
Kaman Sciences FEBETRON 705/tube 
545A, electron-be-jn mode. 
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3.3.4.3 Environment for X-Ray Mode 

A Ta bremsStrahlung target is utilized for the generation of x-rays. 

Figures 3-46 and 3-47 summarize the experimental dose data. Figure 3-48 de- 
picts a typical x-ray mode waveform. The pulse width (FWHM) is 20 ns. A typical 
photon energy spectrum is given in Figure 3-49. 

3.3.4.4 Support Capabilities 

Electronic equipment available for experimental diagnostics and analysis in- 
cludes Tektronix 519, 546, and 555 oscilloscopes, a Tektronix 575 curve tracer, 
sevsral low-V electronic power supplies, a waveform generator, and equipment for 
color photomicrography. Space is available external to the laboratory for accom- 
modating instrumentation trailers. 

Trigger pulses are available for times ranging to 1 ms before and after ma- 
chine firirg. 

Limited dosimetry equipment and services are available. Electron dosimetry is 
performed by calorimetric and colorimetric techniques. LiF TLDs and electron 
scintillation techniques are employed for x-ray dositi try. Personnel from the op- 
erating staff are available to lend assistance in dc^jietry measurements. 

The Kaman Sciences CDC 6400 conmuter with expanded 65,000-bit memory is 
available. Operational circuit analysis codes include KNCAC (modified ECAP) and 
SCEPTRE. Also operational is the specialized FEBETRON Monte Carlo electron trans- 
port and energy deposition code EPIC. 

Complete machine-shop facilities capable of constructing experimental appara- 
tus, and experiment preparation and setup laboratories, as well as limited office 
space and conference room, are available. 

Oscilloscope cameras for the Kaman oscilloscopes, a dark room, and a limited 
amount of photographic laboratory equipment may be used. 

3.3.4.5 Procedural Information 

Technical and administrative inquiries should be directed to: 

Kaman Sciences Corporation 
1500 Garden of the Gods Road 
Colorado Springs, CO 80907 
Attn: Dr. Donald H. Bryce, Flash X-Ray Facility 
Telephone:  (303) 598-5880. 

The lead time required depends upon the type of experiment to be conducted. 
Routine experiments and irradiations require only nominal advance planning. A 
lead time of 1 week is usually advisable. 

The Kaman equipment is government-owned and is available at no cost to quali- 
fied users. Users must bear the cost of expendable items such as electron-beam 
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Figure 3-46. Dose per pulse for Kaman 
Sciences FEBETRON 705/tube 
545A, FXR mode. 
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Figure 3-47.   Dose contours, rad(Si), for 
Kaman Sciences FEBETRON 705/ 
tube 545A, FXR mode. 
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Sciences FEBETRON 705/tube 
545A, FXR mode. 

10 

tu   05 

I    I    I    I    I    I I   I    I    I    I   I   I    I    I    I    I    I 

30 kV charge 
Normalized to unity area 
Neglects target K edge 

05 
i    i   i    i   i    l    i    i    i    i    t 

1.0 1.5 
Photon Energy, MeV 

2 0 

Figure 3-49. Photon spectrum for Kunan Sciences 
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tubes and films and the cost of any labor. There is no facility use charge. Exact 
cost quotations may be obtained from the Director. 

3.3.5 Lockheed Palo Alto Research Laboratory 
FXR Facilities 

The Lockheed Palo Alto Research Laboratory (LPARL) has a FEBETRON 705 and r 
FEBETRON 706, both with 5510 and 5515 tubes. 

Over 175,000 pulses were fired on the FEBETRON 705, primarily in the elec- 
tron-beam mode (approximately 80%), with the remainder in the x-ray mode. The ma- 
chine is available for operation in either mode. The electron beam is most often 
used directly in air; however, a small vacuum chamber is available. Beam geometry 
varies with parameters such as charging V, magnetic focusing field, type of elec- 
tron-beam tube, and distance from the machine anode. 

The machine is operated on a manual cfiarge-fire basis with firings every 40 
s. The rate of fire may be increased to 6/min for a few (4 to 5) pulses. More 
than 400 shots per standard 8-hr work shift are commonly achieved. 

Normally, for any given tube, pulses are reproducible to within a few percent 
of each other at a distance of less than 10 cm from the tube window. Pulse delay 
is variable up to 1 ms, with jitter in the trigger posing no problem since normal 
experimental work uses an external radiation trigger when required. Pulse width 
(FWHM) may be modified (although the output is reduced) by appropriate choice of 
apertures, filters, or magnetic field strength. 

Available electrical noise data are limited. A phototaultiplier (producing MV 
of signal) placed in close proximity to the FEBETRON 705 has been used to monitor 
events spectroscopically 300 ns after the pulse and later. In the adjacent screen 
room, photocurrents as low as 1 mA may be measured. 

Electron-beam measurements are made with various calorimeters, with stainless 
steel being the standard. Faraday cup, stacked blue cellophane, and red Cinemoid 
dosimeters are also used. 

X-ray dosimetry techniques rely primarily on the use of TLDs calibrated 
against a Co-60 source. Shot-to-shot reproducibility is within the accuracy of 
the TLDs. 

3.3.5.1 Electron-Beam Mode Environment 

Oscilloscope traces of the V monitor for both the x-ray mode of the 705 and 
706* and the electron-beam mode of the 705 are given in Figure 3-50. The V moni- 
tor is a capacitive V divider from the Marx line. Electron-beam spectral data &nd 
energy deposition data are given in References 1 through 3. 

♦Waveform included for 706 x-ray pulse. 
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a. Electron-beam mode b. X-ray mode 

Motes: Tektronix 5i9 oscilloscope. 
50 ns/division. 

Figure 3-50. Lockheed FEBETRON 705 V waveforms. 

A post-focus mode is capable of producing approximately 120 cal/cm*. Sample 
size is limited Lu 3 mm dia. at this level. 

A number of super-radiant phosphors are available which emit extensively 
(10^ photons/pulse), at discrete wavelengths, from 345 to 735 nm. If activated 
by the FEBETRON 706, the photon pulse width is less than 3 ns. Fluence measure- 
ments are accurate to ±5%. 

3.3.5.2   X-Ray Mode Environment 

An oscilloscope trace of the bremsstrahlung output taken with a photodiode 
detector is given in Figure 3-51, 

Notes: Scintillator/photodiode. 
Tektronix 519 oscilloscope. 
20 ns/division. 

I 
m 

': 

Figure 3-51. Lockheed FEBETRON 705 bremsstrahlung 
waveform. 
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The 706 is equipped with a low-jitter trigger amplifier that produces an ac- 
curate firing time (±7 ns) relative to an external trigger signal. The maximum 
repetitive rate is 1 pulse/m, the energy output is reproducible with ±5% rms, 
and it is normally operated at 30-kV charging V. 

An oscilloscope trace of the x-ray output with the 5510 tube taken from an 
x-ray detector is given in Figure 3-52. 

> 
5 
> 

2NS/DIV 

Figure 3-52. FXR pulse from FEBFJRON 706. (#3060 detector at 50-cm 
distance on tube axis. Scales: 5 V/div, 2 rs/div.) 

3.3.5.3 Support Capabilities 

Electronic equipment is available for complete diagnostics of the machine op- 
eration as veil as for measurements of material and electronic test sample re- 
sponses. An instrument pool is located in the same building as the test facility. 
Space is available external to the facility laboratory for accommodating instru- 
mentation trailers. 

Timing signals, including trigger delay up to 1 ms, can be provided from the 
control room. Radiation triggers are available as standard facility service. TLB 
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and steel calorimeters, photcdiode monitors, and complete diagnostic dosimetry 
<ir« available. 

The Lockheed Research Laboratory computational facility, although not a stan- 
dard part of the FEBETRON facility, may be used by arrangement. Machine shop fa- 
cilities capable of constructing experimental apparatus of medium complexity may 
be used. More extensive facilities are available by arrangement. 

Onsite experiment preparation and setup laboratories, limited office space, 
and a conference room are available. Oscilloscope cameras for the Lockheed oscil- 
loscopes are provided. Complete photographic facilities can be provided, includ- 
ing equipment for microscopic examination and documentation of test specimens. A 
positioning table and screen room are normally jsed in the experimental area. The 
primary test position is approximately 10 cm '.n front of the beam exit window, 
with the beam extracted directly into the test specimen in air. 

Inquiries concerning operation and use of the facility should be directed to: 

Lockheed Palo Alto Research Laboratory 
3251 Hanover Street 
Palo Alto, CA 94304 
Attn:  J.F. Rilev, 52-11, B/203 

Nuclear Sciences Laboratory 
Telephone:  (415) 493-4411, Ext. 45)53. 

Scheduling use of the facility generally requires 30 days. Costs and charges 
are negotiated on an individual basis. Details can be obtained from Lockheed. 

The shipping iddrcss is: 

Flash X-ray Facility, B/205 
Lockheed Palo Alto Research Laboratory 
3251 Hanover Street 
Palo Alto, CA 94304. 

3.3.5.4 References 

1. Rauc>., J.E., "Electron Spectra Produced by the 705 FEBETRON at 10, 12, 15, 
20, 30, and 35 kV Charging and the Resultant Dose Depositions in Metallic 
Elements Ranging from Beryllium to Uraniaa," LMSC/6-78-69-3, January 13, 
19f9. 

2. Rauch, J.E., "The Determination of Mega-Volt Electron Spectra from Dose Depo- 
sition Profiles," IEEE Transactions on Nuclear Science, 322-325, NS-15, 
1968. 

3. Rauch, J.E., "Caioriaetric Measurement of Dose Deposition in Aluminum, Copper 
and Tantalum from High Intensity, Pulsed Electron Beams," IEEE Transactions 
ai Nuclear Science, 325-335, NS-15,  1968. 

il H 
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3.3.6 EG&G FXR Facilities 

EG&G has. a FEBETRON 705 and a FEBETRON 706. Experimenters interested in using 
the facility should contact: 

Lonnie P. Hocker 
EG&G Inc. 
130 Robin Hill Road 
Goleta, CA 93017 
Telephone:  (805) 967-0456. 

3.3.7 Research Triangle Instittte FXR Facility 

Research Triangle Institute has a FEBETRON 706 with a 5515 tube. Experiment- 
ers interested in using the facility should contact: 

Dr. Mayrant Simons 
P.O. Box 12194 
Research Triangle Park, NC 27709. 

3.3.8 Westinghouse Electric Corporation 
>XR Facilities 

Westinghouse has a FEBETRON 706 with a 5515 tube, and #1563 low-jitter trig- 
ger amplifier system. 

The normal specimen test region is a 1-ft^ airspace, surrounded on 5 sides 
by a 2-in.-thick layer of Pb bricks for personnel protection. No electromagnetic 
shielding is presently incorporated into the facility, so experimental measure- 
ments are limited primarily to pre-burst and post-burst properties of the test 
specimens. 

Primary diagnostics include a #1653 Faraday cup, a #3060 pulsed radiation de- 
tector, and a Tektronix 519 fast-rise oscilloscope for dose-rate information. 
Total do&t» measurements are accomplished with a Teledyne Isotopes TU) system, 
presently active with LiF-Teflon and LiB-Teflon dosimeters. 

The Westinghouse Resaarch Laboratory is well equipped with facilities for 
glassblowing, machine work, and data acquisition, reuU-tion, and analysis. 

For information regarding use of the facility, contact: 

Westinghouse Electric Corporation 
Beulah Road 
Pittsburg, PA 15235 
Attn: John Ricks 
Telephone: (412) 256-3246. 
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3.4 ION PHYSICS CORPORATION FX-35 
ELECTRON-BEAM GENERATOR 

3.4.1 Characteristics 

The Ion Physics Corporation (IPC) FX-35 pulsed electron accelerator has a 
characteristic pulse width of 25 ns or leas at the half maximum of the power 
curve; rms output variation at the diode is ±52 or less. The FX-35 can be used 
either as a stopped beam bremsstrahlung source, or as a direct producer of elec- 
tron streams. 

The 7X-35 Electron-Beam Generator operating characteristics are summarized in 
Table 3-4. 

Table 3-4. Operating characteristics of FX-35. 

Mean 
Energy 
Ranqe 
(MeV) 

Total 
Beam 

Energy 
(cal) 

Peak 
Fluence 
(cal/cm*) 

Pulse Width (ns) 

Electron 
Beam X-ray 

0.4-2.5 400 220 35 20 

The FX-^5 was designed for use as an FXR machine and is therefore used pri- 
marily at V of 1 MV or more, but can be mismatched down to about 400 keV, if 
necessary. 

3.4.2 Test Parameters 

The beam is annular at the anode, pinches to the geometric center line at ap- 
proximately 5 cm, then diverges under vacuum conditions. This is shown in Figure 
3-53. The beam is very stable at the 5-cm pirch position. Detailed characteris- 
tics of the beam are dependent upon pressure in the drift chamber. The pressure 
dependence of the beam energy, as determined from calorimeter measurements, is 
depicted in Figure 3-54. The flux level is determined by the initial pinch posi- 
tion and adjustments are made by regulating the drift-tube pressure. Beam re- 
sponse to thewe variables is well documented by IPC, and beam control can be 
maintained for a givsn experiment configuration. The maximum repetition rate is 2 
pul«e*/min. 

An estimate of the pulse predictability can be obtained from Figure 3-55, 
which »hows consecutive brent*Strahlung traces for the FX-35 taken with a pilot-B 
phosphor and a fast photodioda. Although not definitive, these curves do indicate 
the reproducibility of these quantities from pulse to pulse. As seen from Figure 
3-54, a slight ehange in pressure causes large changes in deliverable dose for 
certain pressure regions which slightly degrade electron-beam predictability. The 
x-ray mode of operation does not utilise a drift tube and the reproducibility is 
/. machine function only. 
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Figure 3-53.    FX-35 beam mapping. 
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10 10 
Pressure, torr 

Figure 3-54.    Pressure dependence of electron-bean energy 
monitored calorimetrically 20 cm from entrance window. 

Note: 20 ns/cm. 

Figure 3-55. FX-35 bremsstrahlung traces. 
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The output pulse delay associated with the FX-35 is 500 ns. This delay is de- 
fined as the time interval between the command pulse to the spark gap triggering 
light source and discharge of V at the anode. A Gaussian distribution of jitter 
is associated with the delay. Data taken for 120 pulses are shown in Figure 3-56. 
Zero time corresponds to the nominal 500-ns delay. 

:           i i           i 1                1                1                1 
|   Number of 

shots 

-70 

! 
! 
i 

- -60                 Motes; 
(1) Totoi number of shots = 120 
(2) Charging voltage,V0, = 36 UM 

- 

- 50                    (3) Zero time corresponds to a 
V    '                       nominal 500 ns aelay - 

- -«A - 

- -30    \ - 

— i      m      i     _ -20             \. — 

- -<o                    \_ - 

'       1                1 1                   1         '         1         ! l> 
-25 -20 •15 -10 -5 0 5 

Time From Nominal Delay to Fire, ns 
10 15 20 25 

Figure 3-56. FX-35 electronic-trigger performance. 

Standard electric«! noise measurements were made by IPC using a terminated 
line placed in the anode plant at both the center-line position and 40 en off the 
axis. They showed the Coapton replacement I spike followed by RF nois . These 
measurements, although not absolute, indicate that the FX-35 is inherently quiet, 
noise levels are associated with the x-ray and electron beams thftj^lves. Under 
these operating circumstances, a screen room is njt needH, but is available for 
those experiments - irticulariy sensitive to noise interference. If desired, spe- 
cific noise meat -merits can be made concurrent with the experiment. 

The monitoring of I and V pulses is the basic diagnostic technique used to 
indicate machine performance. 

Pilot B scintillation measurement« are made for every x-ray pulse. The data 
are used for pulse shape measurements only. TLD dosimetry techniques are used to 
obtain absolute dose data. 
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3.4.3 Electron-Beam Mode Environment 

Measurements of electron-beam fluence have been made at many pressures and 
distances. As an example, results of calorimetry measurements of a 2.2-MeV elec- 
tron beam in vacuum from the FX-35 are given in Figure 3-57. FX-35 V and I wave- 
forms for a single-point and a 20-point cathode are given in Figure 3-58. Perfor- 
mance characteristics of the FX-35 in the electron-beam mode are listed in Table 
3-5. 

Electron-beam energy spectra have been measured using a 180-degree fixed- 
field magnetic spectrometer. (The magnetic spectrometer is calibrated by an 
internal conversion electron source and is accurate to within ±10%.) Represen- 
tative data using this technique are shown in Figures 3-59 through 3-62 for the 
FX-35. A time-resolved spectrum, as measured on the FX-35, is given in Figure 
3-63. 

Time-dependent and integrated spectra for given experimental conditions can 
be measured by IPC on a routine basis. Spectral measurement techniques are well 
established. 

A measured electror-beam energy deposition profile in Al for the FX-35 is 
given in Figure 3-64. The measurement was made using thermocouple junctions be- 
tween Al laminates. 

Drift chamter . 
pressure of 10 
torr 

I L.JL 
0      10     20    30    40     50    60    70 

Distance, cm 

Figure 3-57.    FX-35 beam map. 
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1.7 MV/division 
20 ns/division 

13 kA/division 
20 ns/division 

1/8-in. dia. hemi- 
spherical cathode, 
2.7-cm gap 

1.7 MV/division 
20 ns/division 

26 kA/division 
20 ns/division 

20-point cathode, 
2.0-cm gap 

Figure 3-58. FX-35 V and I pulses. 

Tatle 3-5. Performance characteristics of FX-35 in electron-beam mode. 

Aver a<, & 
Electrcn-Beam 

Energy 
(MeV) 

Total 
Beam 
Energy 
(calf 

Peair 
Energy 
Fluence 
(cal/cm2) 

Pulse Width (ns) 

Electron 
Beam X-ray 

(Charging 
Voltaqe 
4 MVf 

0.4 
1.3 
1.6 
2.0 
2.5 

100 
240 
300 
350 
400 

80 
80 
110 
150 
220 

35 20 
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Figure 3-59.    FX-35 electron-beam 
energy spectrum. 
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Figure 3-60.   FX-35 electron-beam 
energy spectrum. 
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Figure 3-61.    FX-35 electron-beam 
spectrum. 
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Figure 3-62.   FX-35 electron-beam 
spectrum. 
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Figure 3-63. Time-resolved spectral measurements on FX-35. 
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Figure 3-64.    2.0-?*?>V electron-beam energy deposition 
profile in Al for FX-35. 
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3.4.4 X-Ray Mode Environment 

A 15-mil Ta bretnsstrahlung target (electron range = 2 MeV) and a single-point 
cathode are used in the x-ray mode. Figure 3-65 consists of smooth curves of TLD 
capsule data measurements made for numerous x-ray pulses. The dose at a given ex- 
perimental position is proportional to the fourth power of the charging V. 

90 

500R 
IkR 
2kR 

Charging voltage '• 4.0 MV 

10      20       30      40 
Radial Distance,cm 

50  60 

Figure 3-65. FX-35 exposure map. 

X-ray spectral measurements have not been made. Calculations of thick-target 
bremsstrahlung spectra are ised as a guide. Figure 3-66 is a plot of «uch a cal- 
culated spectrum. 

3.4.5 Support Capabilities 

Extensive electronic equipment is available for experimenter use. Included 
are oscilloscopes, recorders, power supplies, electrometers, pulse generators, 
oscillator«,  and various radiation-measuring and rnalysing equipment. An 

I  .1 
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Figure 3-66. FX-35 bremsstrahlung spectrum. 

extensiv« calibration laboratory also may be used. Space for instrumentation 
trailers or specialized electronic components is available. A complete listing 
of the test equipment at the IPC laboratory is available upon request. Standard 
60-cycle, 100- to 400-V power outlets are located throughout the laboratory. Var- 
ious cables are available for experimenter use. A minimum distance of 20 ft is 
required between experimental positions and shielded operating locations. Trig- 
gering signals referenced to machine command signals and scintillstor signals 
monitoring radiation output are available. 

Dosimetry services, including interpretation of the dosimetry data, are 
available. Calibrations are made *t the laboratory and are bared on National Bu-" 
reau of Standards (NBS) References. Complete Cf?2 TLO dosimetry systems, in- 
cluding powder, microrods, and disks, can be used for x-ray dosimetry. A complete 
electron-beam dosimetry capability is also available. Beam definition is accom- 
plished by blue-cellophane optical density techniques. Absolute beam measurements 
are made using thin foil or carbon total-stopping calorimeters. Complete analyses 
of the calorimetry data are performed at the laboratory. It is estimated that do- 
simetry techniques are accurate to xlOZ. 
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To record the characteristics of shock waves developed in target materials 
struck by an electron beam, IPC can provide the following diagnostic instrumenta- 
tion : X-cut quartz gages, 50-ohm manganin gages, 50-ohm carbon gages, and laser 
interferometry. Background noise levels for measurements of the first 3 types 
corresponC to about 0.25 kbar. The laser interferometer can be set up to operate 
in any one of the following configurations, with setup time proportional to the 
complexity of the arrangement: 

1. Displacement mode only 

2. Displacement mode plus reflectivity monitor 

3. Displacement and velocity modes 

4. Velocity mode plus reflectivity monitor 

5. Velocity mode only. 

The IPC laser interferometer is described in detail in the References. 

AVCO Corporation IBM 360, a time-sharing terminal to a GE 430, or a CDC 6600 
computer may be used. The following computer programs in FORTRAN are available 
for experimenter use: 

1. ELTRAN-Electron energy deposition 

2. ELTRAP-Electron transport in dielectrics 

3. PUFF, GENRAT-X-ray deposition 

4. PUFF 66 

5. One-dimensional elastic stress codes. 

The staff of the Analytical Section of the IPC Radiation Effects Division is 
available, by arrangement, for consultation on analytical problems. 

The laboratory has complete machine shop facilities capable of constructing 
experimental apparatus. In addition, the IPC Model Shop may be used by arrange- 
ment. Experiment setup and preparation laboratories are on the premises. Isolated 
and controlled access laboratories suitable for conducting classified experiments 
are also available. Office space and conference room facilities are readily 
available for experimenter use. Polaroid cameras, film, and associated photo- 
graphic equipment, including various industrial cameras and a Kerr cell framing 
camera, are available. 

The standard electron-beam drift tube is 6-in. I.D. x 10 ft or less length. 
No drift tube is used in the x-ray mode of operstion. In addition, there is an Al 
vacuum test chamber measuring 18.5 x 18.5 x 28.5 in. 

3.4.6 Procedural Information 

Technical and administrative inquiries should be made to: 

Ion Physics Corporation 
P.O. Box 416 
South Bedford Street 
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Burlington, MA 01803 
Attn: Mr. Robert D. Evans, Manager 

Radiation Effects Section 
Telephone:  (617) 272-2800, Ext. 292 

or, Dr. Heimat Milde, Vice President. 

A minimum of 2 weeks between initial contact and initiation of the experimen- 
tal program is normally required. 

Charges and costs associated with the use of IPC facilities are established 
and published, and are available directly from IPC. 

3.4.7 References 

1. Evans, R.D., and Ottesen, J.A., Development of a Velocity Interferometer for 
Stress Wave Recording in Electron Beams, IPC Report 7202-TR-410, February 
1972. 

2. Evans, R.D., Simultaneous Stress Time and Impulse Measurements Using a Laser 
Velocity Interferometer and Ballistic Pendulum, IPC Report 7204-TR-418, 
April 1972. 
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3.5 BOEING FX-75 ELECTRON-BEAM GENERATOR 

The Boeing FX-75 is an IPC FX-75 high-energy electron-beam generator which 
has a maximum charging V of 7 MV. It produces a maximum electron-beam energy of 
5.2 MeV. Figure 3-67 ia a diagram of the facility layout. 

In the direct electron-beam mode, the I accelerated from the cathode emitting 
surface passes through a thin-foil anode window into a low-pressure experimental 
chamber. The pressure of the residual gas in the drift chamber affects the charge 
balance in the region of the drifting electrcn beam and offers a means of con- 
trolling the competing forces (electrostatic repulsion and magnetic compression) 
that determine the beam size and energy density. Particular care taust be taken in 
an electron-beam experiment to arrange experimental apparatus and test samples in 
a way that they will not interfere with the beam transport. The Boeing Radiation 
Effects Laboratory (BREL) has two available multipurpose drift chambers; a spe- 
cial chamber nu*.y be designed for a particular test series. 

In the x-ray mode, the I accelerated from the cathode-emitting surface is di- 
rected onto a Ta target to produce an intense burst of high-energy bremsstrah- 
lung. 

3.5.1 Test Parameters 

Operating characteristics of the Boeing FX-75 are as follows: 

1. Charging V 

2. Terminal impedance 

3. Field emission tube impedance 

4. Peak electron-beam energy 

5. Pulse width (FWHM) 

6. Citarging system capacitance 

7. Stored energy (at 680 pw, 7 MV) 

8. Total electron-beam energy 
per pulse 

9. Electron-bean I 

10. Peak I density 

4 to 7 MV 

32 Q 

90 fl 

5.2 MeV at 7-MV charging V 

29 ns 

680 pF 

16 kJ 

^ kJ at 7-MV charging V 

60,000 A (peak) 
, 2 

3,000 A/ess 

These data are not definitive and are meant to be used only as a guide. 

At 5-MV charging V, the total beam energy is 4.4 kJ. At 6.5 MV, the total 
beam energy is 7.5 kJ. Total bean energy varies as the square of both the elec- 
tron-beam V and the charging V. 

The energy density delivered to a test sample may be varied by adjusting the 
chamber pressure and the anode-sample distance. Typical fluence distribution 
curves for a 3.5-MeV beam and a 900-KeV beam are given in Figure 3-68. Energy 
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fluences from less than 0.1 cal/cnr to greater than 400 cal/cm* have been 
measured. The total electron-bean energy may be varied from about 500 cal to 
about 2,000 cal. Electron-beam dosimetry is normally done with thin-foil calorim- 
eters in line over a test sample. The lab is equipped to read lut 12 channels of 
calorimeter data, and a range of calorimeter types and arrays are available. 

Maximum repetition rate is 1 pulse/2 min. Sample charging and chamber pres- 
sure stabilization time usually limits electron-beam testing to 20 shots/day. 
Normal operating delays limit 5-MV x-ray operation to 120 shots/day. Increased 
target maintenance limits 6.5-MV x-ray operation to 40 shots/day. 

The energy-flux distribution of repetitive electron-beam mode pulses, with 
the same vacuum test chamber pressure and charging V, is reproducible to ±10Z. 
Reproducibility of x-ray peak rate is ±10Z; total dose is ±51. Pulse predic- 
tability is within a factor of 2 for these values. Figure 3-69 shows scope traces 
of the bremsstrahlung pulse from 10 consecutive FX-75 pulses. These traces show 
the reproducibility of the pulse. 

Pulse delay is 600 ns. This delay is defined as the time interval between the 
command pulse to the spark-g<*p triggering light source and discharge of V at the 
anode. A Gaussian distribution of jitter is associated with the delay. The 3-0 
spread in the jitter is ±50 ns. 

3.5.1.1 Electrical Noise 

Serious operating difficulties are encountered with both electric and mag- 
netic probes inside the electron-beam test chamber. Quantitative data are avail- 
able upon request. 

Two RF-shielded test and instrumentation rooms are provided. The noise envi- 
ronment has not been mapped within these enclosures. BREL reports thp.r the con- 
ducted noise from power lines is less than 1 V peak-to-peak, and cable responses 
(terminated and open) are approximately 20 mV peak-to-peak (for cables in the 
test area and out of the beam). 

Extensive electric- and magnetic-noise measurements were made external to the 
shielded enclosures. Conducted noise on power lines was measured at 50 V peak-to- 
peak. Response on terminated RG-9 cable out of th» beam was 70 mV peak-to-peak. 
Noise spectrum is peaked at approximately 30 MHz. Figures 3-70 and 3-71 summarize 
the noise-m?asurement data. 

3.5.1.? Diagnostic Techniques, 

Diagnostic techniques for the el ctrcn-beam and x-ray aaodea are L9  follows: 

1.  Electron-beam mode: 

a. Two view camera« for test chamber stereophotognphy 

b. Metal foil and graphite total-stopping calorimeters 
for beam mapping and sample irradiation dosimetry 
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Notes: 10 consecutive shots at C.O-MV chare» voltage. 
Exposure at 1.0 m, 70 R. 
Time base, 20 ns/cm. 
Integrated areas were within 3%. 

Figure 3-69. Oscilloscope traces of 10 consecutive 
bremsstrahlung output pulses. 
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c. Fas,*- Faraday cup feu- time-resolved I measurements 

d. Deposition profiles—stacked metal foil calorimeters 

e. A time-resolved magnetic spectrometer. 

2. X-ray mode: 

a-. Waveform and peak rate determined from calibrated 
£>cintillator/photodiode measurements 

b. Dose maps and routine dosimetry measured with LiF TLDs 
(TLDs are Co-60 calibrated and accurate to ±15%) 

c. Energy deposition measurements made with TLD-loaded 
depth-dose arrays 

d. Target beam spot observed with a polyviny] chloride 
(PVC) intensifying screen and standard open-shutter 
photographic techniques. 

Electron-Beam Motte Environment. Quantitative data of beam energy density 
versus position are available upon request. 

The electron-beam flux delivered to an experimental sample in the vacuum test 
chamber can be smoothly varied from 1 to 200 cal/cm^. The spatial distribution 
of the flux is roughly Gaussian aoout the beam center line with the geometric 
shape dependent upon chamber pressure. For very high dose deposition studies, 
care should be taken to design axial symmetry into the test sample holders. 

Figure 3-72 is oscilloscope traces of the electron-beam V and I outputs. 

A 10-chanael, tim«-resolved magnetic spectrograph with resolution of 0.25 H 
has been used to generate electron-beam spectra for several cathode configura- 
tions. The spectra are sensitive to the cathode emission surface and anode-cath- 
ode gap. There is also spatial dependence on the anode plane. Center-line spectra 
for 2 typical operating configurations are shown in Figure 3-73. Information on 
the time history of the spectrum, as well as the dependence of cathode geometry, 
is available upon request. Energy deposition data are given in Figure 3-74. 

X-Ray Mode Environment. Figures 3-75 through 3-82 are x-ray exposure and ex- 
poture-rate maps for various charging V. These data are the result of LiF TLD 
measurements. They are meant to be used only as a guide. 

Figure 3-83 is a scope trace of a bremsstrahlung pulse output as measured 
with a liquid scintillator/photodiode system. Peak height varies as the fourth 
power of the charging V. 

X-ray spectra fur 5-MV and 6-1IV charge V are shown in Figure 3-84. Figure 
3-85 depicts x-ray deposition profiles in Al, Cu, and Pb. 
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Electron-Beam Current 

Notes: Fast, low impedance vacuum 
shunt outside Learn window. 
10 ns/cm. 
Peak current ranae, 25,000 
to 50,000 A for 4-7 MV 
charge. 

Electron-Beam Voltage 

Notes: Capacitive divider voltage 
monitored inside electron gun. 
10 ns/cm. 
Peak voltage, approximately 
0.7 charging voltage. 

(Redrawn from scope pictures) 

Figure 3-72. Oscilloscope traces of electron-beam V and I, 
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E, MeV 

Figure 3-73.    Electron-beam spectra for 2 typical 
operating configurations. 
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Figure 3-74.    Energy deposition profiles for FX-75 electron beam. 

3-71 



+J 
fC 

Q- . 
01 -— 
e -o 

1— 

<D 0) 
+-> ■p— 

to 4- 
S_ 

i. 
cu 01 
S- 4- 
3 —.- 
1/! 
o > 
c 
X Ol 
<D c 

•r— 
>> Ol 
tO s- 
S_ tO 

1 -C 
X u 

1X3 
r^ 

ro 

<D 
S- 
3 
O) 

us 'aouojsig 

-8 

-si 

ii§2s|S8°§8 o     o     o 
~     »<•      2 8   $   S   8    2    o 

IU3   '»3U04*!Q 

u 
3-72 

=> 
i 

u>   • 

*-> -o 
nj i— 

Q.-.- 
« 4- 
E 

t- 
0)   ID 
i. <+- 
13  
(/> o > a. x o> 
0) c 

I >> en 
o to s. 

s- to 
i JC 
x o o 

♦ 

IT) 
r«^ 

o CO 
N 

a> 
s_ 
3 
Ol 



2 

E 
o    w — 

» — 
<0 — 

CO — 

2- 
— — 
3 — 

8 
* 

Mi s si 

Hi 
HI 

s: 
i 

ID 

ID 

(tJ 

E i— 
d) 

4-> <4- 
(O 
S-   S- 

(O 
CU   0) 
i. c 
3  
1/1 
o > 
Q. 
X   CT) 
<D   C 

>, CT) 
i- <o 
I   JE 

x o 

CO 

i 
ro 
<D 
5- 

WD  '33UD(SIQ 

1 

• • 
VO 

■o 
-t-> r" 
(O 0) 

•r" 
a.<+- 

e J^ 
•o 

CJ CJ 
i- c 
3 
</l 

& 
> 

X a> 
<u c •^ 
>> U> 
«J i- 
%~ <0 

1 xz 
X u 

r~ 
r>» 

i ro 
V 
i. 
3 
a» 

uo 'MUOIBQ 

3-73 

«jgMJfc 



o 
n +-> 

03 

Q-    • 

E -a 

o a) <u 
CD ■t-> t- 

(O 4- 

F S- 
ü 0)   ro 

„ S- «4- 
X, 3 ■— 

O \j i/> 
(O c O > 

Q. 
X   CD 

Q 

o (0   i- 
t S-   03 

o 
co 

i 
oo 

a> 
s- 

en 

wo '93urus«o 

8 21 

+-> -a 
o f0 i— 
CO 

Q.T- 
(13 '+- 

~   S- 

% E 
u 

Z3 —- 

O > 
CL 

u X   OT 
c 0)   C 
a 

o </> >, a> 

O 

o 

9.
   

  X
-r

a 
ch

ar
 

O 

i 

0) 
s- 

UI3 '»DUDJSIQ 

3-74 



10" 

10" 

8000 

6000 
U) c « 
c 
0) 

5000 

4000 

o 3000 

fl>* 
I- 

o 2000 
a 
UJ 

600 
500 

400 

300 

200 

!08 J J I l_L JL—L I.  J,  I 

10 ,12 

3.5     30     25    20     1.5     10     05     fc     05     10      15     20    25     3.0     35 

Distance, in 

Figure 3-81. X-ray faceplate field map. 
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Figure 3-82.   X-ray dose versus distance from tube 
face for the r«X FX-75. 
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Notes: (1) Liquid scintillator and planar 
ITT FW 114 photodiode 

(2) 20 ns/cm. 

Figure 3-83. Oscilloscope traces of bremsstrahl 
pulse output. 
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Figure 3-84. Bremsstrahlung pulse output. 
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Figure 3-85.    X-ray deposition for the BREL FX-75. 
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3.5.2 Support Capabilities 

Electronic equipment for experimental use includes: 

1. Instrumentation: 

Three Tektronix 519 oscilloscopes 

Four Tektronix 7844 oscilloscopes 

One Tektronix 7904 oscilloscope 

10-channel HP7100 strip charts 

Recorders for calorimetry 

Additional equipment including oscilloscopes, power 
supplies, pulsers, etc. may be obtained from the Boe- 
ing test equipment stores. 

Power: 

a. 

b. 

c« 

d. 

e. 

f. 

i. 

3. 

a. 120-Vac, 3-$, 60-cycle, 50-kVa in each shielded en- 
closure 

b. 28-Vdc, 1 kVA. 

Cables: 

a. Signal and power cables (minimum cable length between 
test and oscilloscope is 60 ft; special cable bundled 
are easily accommodated in the 3-ft-dia. cable duct 
or bulkhead connected to the instrumentation shield 
room). 

Triggering signals responding to machine command signals are retdily avail- 
able. An arrangement of fixed delays makes possible a wide rang«- of trigger tim- 
ing signals. 

Two RF-shielded enclosures are provided: a 10- x 10-ft radiation test room, 
and a 12- x 14-ft instrumentation room. The enclosures are integrally connected 
by a 3-ft-dia. wrought-iron data-link tunnel (cable duct) through the radiation 
shielding wall. The rooms have a specified attenuation of 120 db for both elec- 
tric and magnetic fields in the frequency range 10 kHc to 1 GHz. Filtered power 
of 50 kVA ie available in each enclosure. A shielded optical link is provided for 
laser prcbing apparatus. 

X-ray dosimetry techniques include a LiF TL0 and calibrated scintillator/pho- 
todiode systems. Electron-beam dosimetry is performed by means of transmission 
foil and cotal absorbing calorimeters. Instrumentation includes 12 resistance 
bridges, 12 dc differential amplifiers, and 12 oscillograph channels. 

Th*re is a complete dosimetry laboratory for specialised problems. Arrange- 
ments can be made for use of the Boeing computer center. Complete machine shop 
facilities capable of constructing experimental apparatus are readily available 
at the laboratory. 
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A 20- x 30-ft bay adjoining the FXR instrumentation room may be used by the 
experimenter. Office and conference room facilities are limited. 

BREL maintains a complete photographic laboratory and dark room with a full 
complement of equipment. Oscilloscope cameras, two 4x5 view cameras, and 2 
high-speed image converter cameras with complete accessories are readily avail- 
able. 

Electron-beam experiments are usually carried oat within a 3- x 3- x 4-ft 
electron-beam test chamber or a drift tube 25 in. long with an I.D. of 13.75 in. 
Both the test chamber and drift tube are partially evacuated. 

3.5.3 Procedural Information 

Technical inquiries should be directed to: 

The Boeing Aerospace Company 
Mail Stop 2R-00 
P.O. Box 3999 
Seattle, WA 98124 
Attn: E.M. Costello, Boeing Radiation Effects Laboratory 
Telephone:  (206) 655-2954 

Administrative inquiries should be directed to: 

The Boeing Aerospace Company 
Research and Engineering Division, Contracts Dept. 
P.O. Box 3999 
Seattle, WA 98124 
Attn: H.M. Kilbora, M/S 8C-26 

Organization 21143 
Telephone:  (206) 773-3449 

Scheduling i« nisnged on an individual basis through the BREL technical con- 
tact. It is expected that only nominal lead tines are required. Costs and charges 
may be obtained directly fr-^n the BREL administrative contact. The shipping ad- 
dress is: 

Boeing Radiation Effects Laboratory 
1420 South Trenton Street 
Building 15-10 
Seattle, WA 98108 

tu W - : 
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3.6 HARRY DIAMOND LABORATORIES (HDL) FX-45 
ELECTRON-BEAM GENERATOR 

The HDL FX-45 is an IPC FX-45 high-energy electron-beam generator (HIFX) 
(Reference 1). It has a maxitcm charging V of 5.0 MV, which produces an electron 
beam whose mean energy is 3.0 MeV. Figure 5-85 is a diagram of the facility and 
Figure 3-87 is a detailed diagram of the exposure area, shielded instrument room, 
and control room. 

3.6.1 Test Parameters 

The operating characteristics of the HDL FX-45 are as follows: 

1. Maximum charging V 5.0 MV 

2. Mean electron kinetic enargy (4.1-MV charge): 

e. High-impedance mode 

b. low-impedance mode 

2.4 MeV 

0.3 to 1.1 MeV (depending on 
gap size) 

3. Pulse width (FWHM) 25 ns 

4. Stored energy (5,0-MV charge)    2.5 kJ 

5. Peak electron-beam I (4.1-MV charge): 

a. High-impedance mode 23 kA 

b. Low-impedance mode 30 to 45 kA (depending on 
gap size) 

Maximum repetition rate is 1 pulse/7 min in the x-ray mode and as required by 
the experimenter in th« electron mode. 

Measurements made on 25 pulses indicate the standard deviation in on-axis ex- 
posure at 12 in. from the target is approximately 4X. Pulse delay (or advance) 
jitters within 50 ns can be achieved. The jitter using the mechanical trigger is 
about 40 as. The typical RF EKP is a damped oscillation at 30 MHz, lasting 0.5 
\xn with an amplitude (12-ft dipole 50 ft away) of a few hundred mV, This noise 
signal amplitude is a linear function of machine charging V and is inversely pro- 
portional to distance from the machine. 

Experimenters will not normally experience any noise problems when their sig- 
nals are detected with instruments located in the RF-shielded instrument room. 

Scintillator-photodiode, V-monitor, and I-monitor profiles can be supplied 
with any given shot, although these measurements are not made routinely. 

Energy stored with th» system is proportional to the square of the charging V 
and is delivered to the electron beam with an efficiency of J70Z. Calculated 
values of the beam energy in the high-impedance mode as a function of charging V 
are given in Table 3-6» 

■ ■ * • 1 
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Table 3-6. Calculated values of the beam energy as a function 
of charging V for HDL FX-45. 

Charging 
V (MV) 

Total 
Energy 
(kJ) 

Total Beam 
Energy 
(kJ) 

3 0.9 0.6 

4 1.6 1.1 
5 2.5 1.7 

6 3.6 2.5 

Note: 

Values are based on a machine capaci- 
tance of 198 pF and idealized operation 
conditions. 

The burn pattern of the beam on a bremsstrahlung target is a solid circle 
about 1.5 in. in dia. In the elec'.ron mode, as the beam propagates away from the 
anode it pinches onto the geometric axis at 1 or more locations which depend on 
the beam energy and the ambient pressure. After the last pinch the beam diverges. 
Characteristic data for the high-impedance mode are presented in Table 3-7. 

Table 3-7. Beam (jeometry for HDL FX-45. 

Charging 
V (MV) 

Ambient 
Pressure 

Pinch Location 
(distance from anode) 

4.6 

5.0 

5.7 

1 atm 

1 atm 

190 urn Hg 

•5 cm and 10 cm (2 pinches) 

«r5 cm and 13 cm (2 pinches) 

«r3 cm, 9 cm, and 20 cm (3 pinches) 

The flux level is determined by the initial pinch position and adjustments 
are made by adjusting the drift-tube pressure. Standard operating modes are uti- 
lized for which beam predictability and reproducibility are good. The beam is 
monitored for each pulse to determine the energy delivered to the test sample. 

3.6.1.1 Electron-Beam Environment (High Impedance Mode) 

Measurements to determine beam energy density versus position, utilizing a 
total absorption Cu calorimeter, have been made. Results are given in Figure 
3-88. 

Figure 3-89 shows oscilloscope traces of beam V and I and Y~r*y intensity. 
The V and I traces were made with a calibrated capacitor divider V monitor and 
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a calibrated low-impedance shunt I monitor (References 2 and 3). The y~ray 
traces were made with a scintillator-photodiode combination. The latter is uncal- 
ibrated, but its response is linear in Y"ray intensity. The time scales of each 
of the 3 traces for each charge V (Vc) have been synchronized to an accuracy of 
about 2 ns. 

c 
41 

2 - 

I - 

0«- 

£    9 

i    8 

1 - < 

5 - 

4 - 

5 - 

Energy exposure 

Election dose at surface 

Window: 0.002 Ti 

4.1-MV charging voltage 

Drift tube pressure 0.2pm Hg 

J_ _l_ j_ 
5 10 13 20 

Distance From From Electron Window, cm 

25 

Figure 3-83. Electron-beam energy density versus position 
(total absorbing Cu calorimeter). 
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Vc 

3.0 MV 

1764  kV/div 14.2 kA/div ARBITRARY 

4.0 MV 

1764  kV/div 14.2 kA/div ARBITRARY 

5.0 MV 

1764 kV/div 28.3 kA/div ARBITRARY 

Figure 3-89. V, I, and R traces for high-impedance electron 
mode (Y scale as labelled; X scale: 20 ns/div). 

Electron-beam energy spectra obtained with a magnetic spectrometer are shown 
in Figure 3-90. In addition, electron-beam energy spectra based on V and I moni- 
tor profiles, such as these in Figure 3-89, are shown ir. Figure 3-91. 

Extensive deposition measurements have been made at HDL. Typical depth-dose 
profiles are shown in Figure 3-92. 

3.6.1.2 Electron-Beam Environment (Low-Impedance Mode) 

Fluence measurements of the low-impedance mode electron beams have been made 
utilizing total absorption graphite calorimeters. Average fluence as a function 
of axial position in the drift chamber for 1 of these beams at 250-um Hg and 
1,000-um Hg ambient pressure (air) is shown in Figure 3-93. High-resolution 
fluence distribution maos for this beam at the same ambient pressures 4 cm and 10 
cm from the anode are shown in Figure 3-94. 

Figures 3-95 and 3-96 show common-axis plots of V and I pulses using the same 
type of monitors as for the high-impedance mode (Figure 3-89). The lower trace in 
Figure 3-95 shows a check of the time axis synchronisation in which the I monitor 
pulse was input to both scopes. 

Electron-beam energy spectra baaed on V and I uonitor traces like those of 
Figure 3-91 are shown in Figure 3-97. 
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Figure 3-90.   HDL FX-45 electron-beam energy spectrum. 
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HIGH RESOLUTION FLUENCE CALORIMETER 
CALORIES PER SQ CM 

Vc = 4.1 MV G - 1.43 CM 

DIA.= 2 IN. 
PEAK DOSE = 4 CAL/GM PER CAL/CM2 
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Figure 3-94. High-resolution fluence distribution maps for 
low-impedance mode electron beams. 
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Figure 3-95. V and I monitor traces for low-tnpedance mode. 
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3.6.1.3   X-Ray Mode Environment 

Data as obtained are shown in Figure 3-98. The values of x-ray exposure obey 
the inverse square law tor distances greater than 6 in. from the target. 

Oscilloscope traces for charging V of 4.1, 5.0, and 5.6 MV are shown in Fig- 
ure 3-99. Ihe pulse length is adjustable by electrically truncating the discharge 
to clip the trailing edge. A truncated pulse is also shown in Figure 3-99. The 
traces are scinti*lator/photodiode responses to the bremsstrahlung radiation. The 
measurements weie made only to monitor the pulse shape; time scale is 10 ns/cm. A 
blowup of an oscilloscope trace of the x-ray pulse measured with a Compton diode 
id shown in Fifejre 3-100. 

Quantitative x-ray «pectrum measurements have not been made. Calculations of 
thick-target bremsstrahlung spectra are used as a guidi. Figure 3-101 depicts 
such a calculated spectrum. 

It is reported that by exercising care to select and calibrate the x-ray do- 
simeter-reader systam, the 3-0 standard deviation in absolute accuracy can be 
reduced to 15Z. Reproducibility of the dosimeter-reader system to identical expo- 
sures of Co-60 radiation is reported to be ±2Z. 

3.6.2 Support Capabilities 

Three Tektronix 7344, 6 Tektronix 519, 6 Tektronix 551, and 2 Tektronix 55S 
oscilloscopes and oscilloscope cameras are available for experimenter use. A ma- 
chine firing sequence is routinely available to actuate cameras and oscilloscopes 
and to trigger the system. 

HDL provides dosinetry services. CaF2 TLD dosimeters and readers are avail- 
able for Y dosimeciy, as well a? Cu and graphite calorimeters for electron do- 
simetry. Other calorimeter materials and depth-ttose calorimetry as well as more 
elaborate dosimetry, such as ballistic pendulum and laser interferometry, could 
be made available by arrangement. 

The HDL IBM-370 computer may be used by arrangement. 

The HIFX facility ha« an experiment setup and preparation laboratory and a 
conference room that can be used by experimenters. A drill [ ess and hand tools 
for small work are available. The HDL machine «hop also is available by arrange- 
ment. Cameras and film are provided for the oscilloscopes permanently located in 
the instrument room. Other photographic equipment and materials might be avail- 
able from the HDL photographic laboratory by arrangement. 

Technical and administrative inquiries should be made to: 

Harry Ditnond Laboratories 
Branch 290 
Adelphi, HD 20783 
Attn: J.D. Silverstein, Plash X-ray Facility 
Telephone: (202) 394-2238 
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A minimum lead time of 3 to 6 months is normally required to schedule use of 
the facility. An application must be filed by the experimenter in the form shown 
by Figure 3-102. 

Charges and costs associated with use of HDL facilities can be obtained di- 
rectly from the laboratory. The shipping address is: 

Harry Diamond Laboratories 
Flash X-ray Facility 
Bldg. 504 
Adelphi, MD 20783 

3.6.3 References 

1. Super   Flash   X-Ray   System—Final   Report,   report submitted to HDL by Ion 
Physics Corporation. 

2. Sazama, F.J. and A.G. Stewart, Design and Testing of a Current  and Voltage 
Monitor for HIFX,  HDL-TR-1558, August 1971. 

3. Silverstein, J.D., Voltage and  Current Measurements  in HIFX Diodes,  HDL-TM- 
77-6, August 1977. 
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TO: Harry Diamond Laboratories, 2800 Powder Mill Road, Adelphi, MD 20783 
ATTN: J.D. Silverstein, Br. 290, 81dg. 504 (submit two copies) 

FROM:  
(organization performing test) 

ADDRESS:  

REQUEST PREPARED BY PHONE  

PERSON IN CHARGE OF MEASUREMENT PHONE 

FUNDED BY ARMY      NAVY      AIR FORCE      DASA      OTHER 

Contractors must submit authorization from funding agency. Funding agency must 
forward MIP 

DATE OF APPLICATION 

1. Descriptive Title of Proposed Measurement: 

Attach detailed—UNCLASSIFIED—description of proposed measurement. Include: 

a. Purpose of test g. Special requirements, e.g., com- 
b. System to which test is applicable  pressed gases, vacuum, triggering, 
c. Security requirements etc. 
d. Approach h. Any large apparatus you are bringing 
e. Block diagram of cabling, etc. i. Explosives, noxious materials, etc. 
f. Size and weight of package to be j. Probability of follow-on tests 

exposed 
k. Anytv,mg else we should know that would help us assure the success of your 

measurement or that would make our lives easier. 

2. Recording channels required: Tektronix 551 7844  
555       519 

Number of oscillograph channels_ 

3. Type and number of cables required from exposure room  RG214  
to instrumentation room: 1/2" foam_ 

Other ~ 

4. Length of time required to set up, prior to use of machine  

5 Type of pulses: Gamma Electrons Low Impedance Mode  

6. Charge voltage required:  MV 

7. Experiment cannot be performed without low jitter (<50 ns) machine firing 
feature of electronic trigger: YES NO  

8. Approximate number of gamma dosimeters required per pulse  

9o Estimated number of days you will be at the HIFX Facility  
(note that we require at least 7 minutes between gamma pulses) 

10. Preferred starting date No. of people participating 

Figure 3-102. Application for use of HOL-HIFX facility. 
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3.7 PHYSICS INTERNATIONAL PULSERADS 225W, 
738, 1150, OWL II, AND PITHON II 

3.7.1 Characteristics 

There are 5 pulsed electron-beam facilities at Physics International (PI), 
with electron energies ranging from 100 keV to over 6 MeV. Three are owned by PI 
and 2 ara operated by PI for DNA (OWL II and PITHON II). Although the generators 
differ in exact configuration, they all operate according to the same baaic prin- 
ciples. Energy is stored on a capacitor bank (the Marx generator) of each ma- 
chine. On a signal, the Marx generator is "fired" (i.e., the capacitor stages, 
initially connected in parallel, are switched to a series configuration) and a 
high V is developed on the output end of the Marx generator. This output end is 
connected directly to the high-V electrode of the pulse-forming line(s) and is 
used to "pulse-charge" the line(s) in 1 to several ys. The output pulse dura- 
tion is approximately equal to twice the single transit time of the pulse-forming 
line. The "generator type" data shown in Table 3-8 give the basic pulse-forming 
line configuration for each facility and an indication of the type of output 
switch. 

It is useful to consider the general output characteristics of the generators 
in both the FXR and electron-beam mo?es. The general shape of the time-integrated 
electron-energy spectrum incident on the anode plane is given schematically in 
Figure 3-103. The spectra are peaked at high energy and fall rapidly to zero at 
the maximum electron V. Electron energy deposition versus depth profiles can be 
approximated (for experiment planning purposes) by assuming monoenergetic elec- 
trons at the mean energy. Figure 3-104 shows approximate deposition profile char- 
acteristics over the V range covered by the PI accelerators. These parameters 
vary somewhat, depending upon the target atomic number avd beam transverse en- 
ergy. Specific deposition profiles can be found in later parts of this section. 

For x-ray mode operation, an x-ray "converter" is placed at the anode plane 
of the diode. This converter can take many forms, the most common of which is a 
high-Z foil, backed by a thick low-Z plate which stops all the remaining elec- 
trons and contains any debris. This configuration, commonly known as a conven- 
tional converter, optimizes x-ray output dose. Other converter configurations 
could be provided to minimize x-ray self-attenuation in the converter and, hence, 
increase the spectral intensity at low photon energies. Characteristic x-ray 
spectra are shown in Figure 3-105 for a conventional converter. Unlike the elec- 
tron-energy spectra incident on the converter, the x-ray spectra are peaked at 
low photon energies and fall slowly to zero at hv " peak incident electron en- 
ergy. The sharp intensity falloff at low hv is due to self-absorption of x-rays 
in the converter material. X-ray yield (defined as total energy in x-ray pulse/ 
total energy in the incident electron pulse) is strongly dependent on initial 
electron energy. Approximate yields are given in Figure 3-106. The angular dis- 
tribution and source area must be taken into account to define the accessible 
x-ray levels accurately. 

For electron-beam mode operation, the electron-beam is injected through a 
thin, low-Z anoue foil into a "drift" chamber, where it is directed to the 
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Photon energy, bv 

Figure 3-105. Characteristic shape of flash- 
bremsstrahlung spectra produced 
by pulsed electron accelerators. 
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Figure 3-106. Approximate bremsstrahlung yield 
from conventional Ta converters. 
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target-. In general, it is not possible to deliver 100% of the diode I to the tar- 
get in a usable (e.g., uniform fluence) beam, although in some cases it is possi- 
ble to uniformly irradiate targets at the anode. Two commonly used means of beam 
transport and control at PI are the neutral gas focussing/metallic guide cone 
technique, used ^or lower I beams, and the externally applied magnetic (Bz) 
guide field technique, required at the higher I levels. 

3.7.2 Generator Diagnostics 

Each facility is equipped with V and I diagnostics, which are used during ev- 
ery pulse. Pulse charge V (the V on the pulse-forming line) is monitored with a 
resistive divider. Tube V (across the tube insulator envelope) is monitored ei- 
ther with a resistive divider (738, 1150, and 225W) or with a capacitive divider 
(OWL II). The diode (accelerating) V can be obtained from the tube V wavefcrm by 
subtraction of the induced V component, proportional to L(dl/dt) within ±10Z. 
This is accomplished by use of a dl/dt monitor whose output is calibrated against 
the tube V monitor during short-circuit pulses, where the electron accelerating 
V = 0. Diode I is measured either by use of a B9 field probe near the diode 
or by a self-integrating Rogowski coil encircling the beam. Many of these moni- 
tors are described in References 1 through 4. 

In addition to providing a complete record of generator performance during a 
series of tests, the generator diagnostics (particularly the V and I waveforms) 
are a useful complement to both the electron-beam and x-ray diagnostics. 

3.7.3 Electron-Beam Diagnostics 

Electron-beam environments are characterized in terms of fluence (time-inte- 
grated energy flux) and energy deposition versus depth profile. In many cases, 
these data can be directly measured by calorimetric methods. Segmented graphite 
fluence calorimetry is available in the following standard configurations (in 
both 0.79-cm and 1.27-cm thicknesses): 

1. 0.5- x 0.5-cm blocks 

2. 0.5- x 1.0-cm blocks 

3. 5.0- x 5.0-cm blocks 

Square array of 25 blocks 

Special block configurations can be provided. Temperature rise in each block is 
sensed by thermocouples and monitored on a Vidar Data Acquisition system at the 
rate of 20 channels/s printed on paper tape, or fed directly into a Tektronix SPS 
Model 62 computer. Calorimetry data, in the form of thermocouple V readings, is 
promptly computer-analysed to generate a fluence map. Depending on fluence lev- 
els, the accuracy of fluence measurement is typically ±10X. 

Energy deposition versus depth measurements are made by means of a stack of 
thermally isolated foils, each monitored with a thermocouple. These data are also 
recorded by the Vidar. Accuracy is ±10Z, I--:i 1 stacks of various metals are 
available in different thicknesses, the choice depending on the electron energy 
and dose range of interest. Al foils are most commonly used; graphite foils have 
been used at dose levels beyond the melting point of most metals. Calorimetry 
provides  the simplest  and most direct characterisation of electron-bean 
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environments, but it becomes inadequate as dose levels approach the damage 
threshold in graphite. In addition to the limitation imposed by graphite vapori- 
zation, problems of radiative heat loss versus thermal equilibration times limit 
present direct (calorimetric) fluence diagnostics to dose levels of 1,000 cal/g. 
Mechanical problems in graphite depth dosimeters presently limit their applica- 
tion to less than 500 cal/g. 

Diagnosis at high-dose levels is accomplished by less direct means. In these 
cases, the diagnostics are commonly the diode V monitor and a high-I Faraday cup 
(which measures the energetic electron-beam I at the target). Fluence is computed 
as /eV(t)J(t)dt, where J is the measured beam I density. This technique has 
been cross-checked at low-dose levels by comparison with direct fluence calorime- 
try. 

Deposition versus depth profiles in the high-dose region are also obtained by 
the Monte Carlo transport code. The electron spectrum (from measured V and I 
waveforms) and angle of incidence at the sample location is the input data. Non- 
normal electron incidence is due to election scattering in the anode foil and to 
the self-magnetic field of the beam in the diode (References 5 and 6), and is 
measured by the filtered Faraday-cup technique. Experimental measurements of I 
transmission versus target thickness have been used to check the deposition cal- 
culations. Although other direct techniques for fluence and deposition profile 
measurement at high-dose levels are under development, they are not presently 
available. 

3.7.4 X-Ray Diagnostics 

In the pulsed x-ray environments, use is made of photodiode response (which 
permits time resolution of pulses and calculation of PWHM), and calorimetry and 
TLD results. Calorimeter measurements are made with 3 specially designed instru- 
ments: a portable calorimeter for measuring fluence and front surface dose simul- 
taneously (Reference 7); a depth-dose calorimeter for high intensity, low-V 
machines (Reference 8); and an array of small combination calorimeters for mea- 
suring areal distribution of fluence and front surface dose (Reference 9). The 
resulting measurements have been in good agreement with other dosimeter measure- 
ments. Also, calculated calorimeter response is verified by exposure to a 400-Ci 
Cs-137 y-ray source. Comparison of the measurements of the x-r&ys from the 
pulsed machines indicates that absolute values are accurate to within 5 to 10Z. 

The TLD most commonly used at PI is powdered LiF. These TLDs are used for 
making faceplate aaps and mapping exposure as a function of position. Dosimeter 
precision is ±3Z. Comparison of measurements with those made by commercial cus- 
tomers of the Pulserad Facility agree within the experimental errors of the do- 
aimetry systems. PI maintains a complete TLD readout facility and can provide 
TLDe in the form of polyethylene or Al jackets filled with LiF powder, or LiF-im- 
pregnated teflon discs (ilOZ accuracy). TLD instrumentation is calibrated regu- 
larly against in-house radiation sources. 
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3.7.5 Noise Levels 

Shielded rooms are provided at each of the 5 facilities. Noise levels inside 
vary somewhat, depending on the facility. Systems are available to reduce noise 
levels to a few mV when required. These systems can be installed upon request. 
The Pulsed Radiation Facilities Manager should be contacted at least 1 month in 
advance of pulsing dates for this provision. 

3.7.6 OWL II Data 

The OWL generator was constructed in 1971 as a developmental coaxial water 
line. In 1973, it was upgraded to higher tot&l energy levels as part of a DNA- 
funded program to develop high-energy electron beams. The machine has a 360-kJ 
Marx generator which charges a 4-fl water-filled coaxial pulse-forming line. The 
line is switched (by a triggered water switch) into a transformer section to pro- 
vide a 2-fl output impedance. At the present time (February 1979), the diode 
insulator is being redesigned to improve reliability at peak V and to reduce I 
risetime by reducing inductance. This modification is not expected to appreciably 
alter the time-integrated electron and x-ray environments, although reproducibil- 
ity should be improved. 

Total energy output in excess of 100 kJ (*/*25 kcal) is available with a di- 
ode of 400 cm? area, as shown in Figure 3-107. This diode and its associated 
hardware are referred to as the "large-area beam system." An 80-cm2 diode also 
has been developed for the "small-area beam system," which has produced up to 75- 
kJ beams. 

3.7.6.1 Electron-Seam Environments 

Beam transport on OWL II is accomplished by using magnetic guide fields. Ta- 
ble 3-9 indicates the wide range of electron environments attainable. The beam 
chamber (from anode to target) is N-filled at 1-torr pressure. Representative en- 
ergy deposition profiles in carbon are shown in Figure 3-108. Dose in carbon of 
up to 3,000 cal/g is attainable with the small-area beam system. Figuve 3-109 
shows the interrelationship of dose, fluence, area, and target position in that 
system, and Figure 3-110 documents the fluence uniformity statistics. The Gaus- 
sian curve superimposed on the data in Figure 3-110 shows that the bulk of the 
data has an rms distribution of about ±8%, although non-Gaussian low-amplitude 
"wings" are in evidence. Corresponding data on fluence uniformity in the large- 
area beam system are given in Figure 3-111, which has a different format to show 
the radial structure of beam fluence. The calorimeter block readings are plotted 
for 4 pulses as a function o? distance from the center off the array. For the 
higher fluence levels, some fall-off is seen at the beau edge, which is due to 
the fact that for these levels the outmost blocke were only partially illuminated 
by the beam. (The 2 outermost sets of blocks extend to 5.4 in. and 5.6 in., re- 
spectively, from the center of the array.) 

In Figure 3-112, the average fluence in the large-area beam system is shown 
as a function of the cathode-to-target distance and normalised by the total beam 
energy» Superimposed on the data points is a plot of the uagnetic guide fiald 
strength, in arbitrary units, versus cathode-to-target distance. The normalized 
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Table 3-9. Typical electron beams, OWL II generator. 

Mean 
Electron 
Energy 
(MeV) 

Fluence (cal/cm^) 
Areas Are Shown 
in Parentheses 

Beam 
Transport 
Mechanism 

0.570 400 (15 cm2) Magnetic lensa 

0.770 470 (15 cm2) Magnetic lensa 

0.520 5 to 50 (150 cm2) Magnetic lens0 

0.850 5 to 50 (150 cm2) Magnetic lens0 

0.850 135 (55 em*) Magnetic lens0 

0.850 520 (20 cm2) Magnetic lens0 

0.950 10 to 50 (400 cm2) Magnetic lens0 

Notes: 
*Converging 8Z 4:1. 
DConverging/diverging B2. 
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fLuence is seen to follow the field strength, in accordance with the simple model 
of adiabatic single-electron motion in the guide field. 

3.7.7 Model 1150 Pulserad Output Data 

The 1150 Pulserad is a 35-fi oil-dielectric coaxial-Blumlein generator with 
an output V range of 2 to 6 MV and 5 to 40 kJ (1,200 to 9,000 cal) total beam en- 
ergy. 

3.7.7.1    Electron Beam Environments 

Because the 1150 Pulserad is a high-V machine, the anode does not have to be 
replaced after every pulse. This reduces the turnaround time and allows for a 
higher pulse repetition rate. Table 3-10 lists typical electron beams from the 
1150 Pulserad and Figure 3-113 shows fluence versus target position for the par- 
ticular conditions indicated. Neutral gas transport in a large drift chamber (60- 
cm dia. x 60-cm length) is used for beam control. Fluence levels c\n be varied by 
choice of diode configuration and target distance from the anode. Additional data 
are available for ether beam condition?-. 

Measured energy deposition profiles at mean .electron energies of approxi- 
mately 2 and 4 MeV are given in Figure 3-114. 

3.7.7.2   X-Ray Environments 

The maximum pulse repetition rate is 1 every 3 min. Exposures available on 
the Pulserad 1150 range from a few R at 3 m to <50,000 R at the faceplate (Fig- 
ure 3-115). The radiation pulse width is 60 ns at half maximum. The exposure to 
50.000 R, combined with the 60-ns pulse time, gives dose rates of approximately 
10^2 rad/s in Si absorbers. This high exposure rate is available only over a 
few cm2 at the faceplate (Figure 3-116). Figures 3-117 and 3-118 give curves of 
the angular distribution of x-ray intensity at 0.5 m and a dose profile showing 
lines of equal dose. Exposures of 10*1 rad/s can be obtained over an area of 
300 cm2 (Figure 3-119). 

The electron bremsstrahlung spectrum has been calculated with tie BSPEC code. 
Figure 3-120 shows the calculated Y"*8pectrun emerging from the converter (in- 
cluding attenuation in the converter) for 5-MeV peak electron energy. Figure 
3-121 shows this Y~8pectrum transmitted through the 0.5-in.-thick Al plate nor- 
mally used between the converter and the irradiated targets. The mean photon en- 
ergy is ^1.05 MeV, with a peak intensity at ^350 keV. Qualitative validation 
of the spectrum shape has been indicated by experimental measurement of energy 
deposition in a 2-element Y~cal°rimeter« Tne calorimeter consists of a 0.3-mil 
Ta foil backed by a ? <■ ^thick block cf W. The two «laments are thermally iso- 
lated and temperature ■ -es are monitored by s thermocouple (on the foil) and a 
thermistor (embedded in the block). The y-spectrum in Figure 3-121 predicts a 
ratio of 

Absorbed dose in 0.3-mil Ta « 3.55 
Absorbed dose in 1.0-cm W 
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Table 3-10. Sample electron beams from the 1150 Pulserad. 

Mean 
Electron 
Energy 
(MeV) 

Fluence 
(cal/cm2) 

Beam Area 
for ±10* 

Uniformity 
(cm2) 

4.5 

4.5 

2.0 

2.0 

50 

100 

50 

100 

35 

15 

10 

5 

100C 

1 
u 
3 
-I 
u. 

Figure 3-113. 
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Figure 3-120. 
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BSPEC calculation of thick-target 
y-spectrum, including self- 
absorption in Ta converter, 1150 
Pulserad at 5-MeV peak electron 
energy. 
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Figure 3-121. y-spectrum of Figure 3-120 
computationally transmitted 
through 0.5-in. Al. 

The measured value 
tion. 

of 3.0 ± 0.2 is in reasonable agreement with the caicula- 

3.7.7.3   Lonq-Pulse Environments 

The Pulserad 1150 is converted to the long-pulse mode by removing the Blum- 
lein and output switch and adding a parallel L-C filter section, which, with the 
Marx generator, makes a 2-stage, type A pulse-forming network. The Marx generator 
consists of 50 0.5-uF and 0.5-uH capacitors. The values of inductance and ca- 
pacitance in the filter were chosen to give a pulse with FWHM of 1.7 us into a 
constant resistive load. The filter is made of 15-nF, 50-kV tubular capacitors in 
a folded series-parallel configuration, arranged like spokes of a wheel extending 
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out to V grading rings. Many parallel capacitor strings allow easy trimming of 
the wave shape to compensate for the decreasing impedance-time history of a real 
diode. The inductance is provided by a coil wound on the axis. Typical diode 
waveforms are shown in Figure 3-122. The maximum beam values obtained in the di- 
ode tested were 2-MV peak tube V, 35-kA peak I, and 50-kJ beam energy. The 1150 
long-pulse generator (LPG) has not been used yet to irradiate targets. Applica- 
tions should be discussed with PI personnel. 

Beam current 

Tube voltage 

500 nsec/div 

Figure 3-122. Typical V and Faraday-cup waveforms 
for a low-V shot, 1150/LPG Pulserad. 

3.7.8 PITHON II Data 

The PITHON II facility uses a 1 MJ Marx generator tc charge a 1.3-ß pulse- 
forming line through an intermediate pulsed electrostatic store. At the present 
time (February 1979), the PITHON I modifications which comprise PITHON II are 
near completion. Electron beams have been generated in PITHON diodes under vari- 
ous diode study programs, but extracted beams have not been developed and are not 
presently under development. Electron environments are therefore not yet avail- 
able from this facility. 

3.7.8.1 X-Ray Environments 

Intense x-ray pulses are available on PITHON II from both the standard elec- 
tron-beam diode and from imploding plasma loads. 

3.7.8.2 Imploding Plasna X-Ray Mode 

Intense x-ray pulses in the 2- to 5-keV range are generated on PITHON II by 
using a fine wire array or puffed gas jet as the machine load to produce an im- 
ploding plasma x-ray source. It is expected that source intensities will be en- 
hanced when PITHON II becomes fully operatioaal in the near future. 
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The x-ray environment has been characterized by a bent-crystal spectrograph, 
x-ray diodes, and differentially filtered calorimeters and TLDs. A representative 
spectrum is shown in Figure 3-123. Filters eliminate photons below 1 keV. The 
line spectrum 13 hydrogen- and helium-like, with continuum radiation extending 
upward in energy. The effective photon energy was determined by analyzing the 
calorimeter and TLD data with the assumption of monoenergetic photons. The radia- 
tion source is line-shaped (on-axis), 3 to 4 cm and less than 0.1 cm in dia. 

o> 

•c 

Photon energy, keV 

Figure 3-123.    Typical Al spectrun at 3.5 TW on PITHON. 
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3.7.9 Pulserad 225W Output Data 

The Pulserad 225W is a 5.25-fl water-dielectric coaxial-line pulser with 10 
kJ available to a matched load in a 65-ns FWHM pulse. 

3.7.9.1 Electron-beam Environment 

Representative I and V waveforms are shown in Figure 3-124. The available 
range of mean electron energy and the corresponding total diode energy (assuming 
matched load) are given in Table 3-11. The electron environments to date have 
utilized magnetic guide fields for beam transport. Table 3-12 lists data for a 
peak electron energy of 0.67 MeV. Other environments can be developed for spe- 
cific applications. 

0    20  40  60  80  100  120 140 

Time, nsee 

Figure 3-124.    V and I traces, 225W Pulserad. 
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Table 3-11.    Pulserad 225W total diode energy versus mean 
electron energy (assuming matched load). 

Mean Electron 
Energy (MeV) 

Total Dioue 
Energy (kJ) 

0.80 

0,60 

0.40 

0.25 

10 

5.5 

2.5 

1.0 

Table 3-12 . Repres entative Pulser ad 225'J electron environment parameters. 

Peak 
Electron 
Energy 
(MeV) 

Peak 
Diode 

Current 
(kA) 

Beam 
Energy 
(kJ) 

Beam 
Area 
(cm2) 

Fluencea 

(cal/cm2) 

Peak 
Doseb 

(cal/g) 
Peak Dose/Fluence'3 

(cal/g)/(cal/cm2) 

0.67 130 5.9 5 

12 

50 

250 

100 

25 

1875 

620 

135 

7.5 

6.2 

5.5 

Notes: 
aFluence uniformity is nominally ±10% MSD over the area indicated. 

In carbon. 

3.7.9.2   X-Ray Environment 

X-ray environments generated using the standard x-ray mode are available on 
the Pulserad 225W at intensities up to 30 kR. At that level, the environment uni- 
formity is nominally ±25% over 12.5 cm^, wear« photon energy is approximately 
330 keV, &nd the dose-to-fluence ratio is approximately 2.1 (cal/g)/(cal/cm2). 
The dcse-area product is 375 kR • cm^. 

3.7.10 Pulserad 733 Output Data 

The Pulserad 733 is an S-Ü oil-dielectric coaxial-lxne pulser with up to 6 
kJ available to a matched load. Overall performance for both electron and x-ray 
environments is very similar to that of the Pulserad 225W except that at equal 
peak electron energies, the Pulserad 738 produces 60 to 65* of the electron or 
x-r«y flux generated by the 225W. Use of the older 738 machine is on a time-and- 
materials basis. 

** ■ 

t, 
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3.7.11 Available Support Services 

The Pulservice Center is primarily a simulation facility. Both professional 
and non-professional technical support staff are available to assist in exposures 
and anal oes. The professional staff includes scientists experienced in the field 
of simulation exposures and pulsed radiation. The non-professional staff includes 
trained technicians with experience covering a complete range of support activi- 
ties. Support level can vary from customer liaison and coordination to complete 
performance and reporting of the experimental tests, depending on the customer's 
desires. 

Screen rooms for the diagnostic electronics are a permanent part of the set- 
up. Electronic equipment is available for diagnostic and test measurements. Cam- 
era-equipped oscilloscopes are provided as part of the experimental program. Fast 
oscilloscope traces of radiation pulse shape are available if requested. Other 
special test equipment is also available and arrangements can be made for its 
use. Power is available from 120-V and 108-V single--cj> and 440-V 3-$ outlets. 
Diagnostic signal cables are provided in lengths that reach from the target room 
to the diagnostic room (J%0 ft). Triggering signals responding to machine com- 
mand signals are readily available. The experimenter has the option of command- 
firing the machine by providing a trigger pulse or a contact closure. The command 
signal may be positive or negative with an amplitude of 0.5 to 50 V. 

X-ray exposures are monitored using passive TLDs. Dosimeters are read out and 
readings are available immediately after tbe exposure so that results can be 
evaluated before the succeeding shot. Various types of calorimeters are also 
available for measuring absorbed dose in specific materials. 

Calorimetric and Faraday-cup techniques are used to measure the electron 
beam. For doses below 1,000 cal/g in carbon, multiple small graphite absorbers 
determine the spatial distribution of electron energy. Data are recorded in dig- 
ital form on a 100- channel Vidar unit. At higher doses, the multilayered (or fil- 
tered) Faraday-cup technique is used to simultaneously measure incident electron 
I and angle(s), and dose is computed from these data plus the diode V measurement 
(References 10 and 11). 

Up to 15 channels of oscilloscope data can be stored on Tektronix R7912 dig- 
itizing oscilloscopes. The dtta can be processed online using PI Data Acquisition 
System (DAS) to obtain the time-dependence of the following parameters and other 
relationships: mean V, power, energy, impedance, integral of trace, derivative of 
trace, plot of one trace versus another, Child's Law I, parapotential I, and 
critical I. A manual digitizing tablet can be used to access the DAS. Calorimeter 
data can be fed directly into a Tektronix SPS Mod 62 to obtain fluence maps and 
energy deposition profiles (including cooling curve analysis). 

Computer facilities, including Pi's library of Monte Carlo electron transport 
and photon deposition codes, are accessible. Finite difference material response 
codes are also available for calculation of stress-wave propagation and attenua- 
tion. Machine shop, welding shop, vacuum laboratory, and electronics shop area, 
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and adequate experiment see-up and preparation rooms, as well as op^n floor 
space, can be provided. A conference room and limited office space a\e also 
f.v/ailablf». Polaroid cameras are provided with all oscilloscopes, and polaroid 
film is stocked. Other photographic services, such as film processing, printing, 
and photography of experimental set-ups, are also available. A TRW image con- 
verter camera can be provided (Government-furnithed Equipment) for qualifying 
projects. 

3.7.12 Procedural Information 

Administrative and technical inquiries should be directed to: 

Physics International Company 
2700 Merced Street 
San Leandro, CA 94577 
Attention:  Facilities Manager 
Telephone:  (415) 357-4610, Ext. 572 

For scheduling of machine time, a lead time of 2 months is preferred. A pur- 
chase order should be sent at least 2 weeks prior to the start of irradiations to 
confirm rr^erved dates. Earlier confirmation nsay be requested of a user with a 
tentative reservation in case another request for the same date has been made. 
Inquiries regarding scheduling details should be directed to the Pulsed Radiation 
Facilities Manager .,„1'%" - uT tb* D*»A facilities should be cleared through DNA, 
RAEV, WashingCun^ D.C. with PI Contracts Department assistance. 

Detailed costs and charges associated with use of the PI Pulserad facilities 
are available and can be obtained from the Pulsed Fad ation Facilities Manager 
and from Pi's Contracts Department 

The snipping address is: 

Physics International Company 
2700 Merced Street 
San Leandro, CA 94577 

All shipments of experimenter's equipment to and from PI must be arranged for 
and prepaid by the uaer. 

The facilities are located in an industrial area of San Leandro, California. 
The plant is readily accassibls from the surrounding urban area and within easy 
commuting distance of the OaklanJ, San Francisco, and S&n Jose airports. (The 
Oakland Airport is the nearest.) Overnight accommodations with 10 min commuting 
time are available in Oakland a<-d San Leandro. 
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3.8 MAXWELL BLACKJACK 3 AND BLACKJACK 3 PRIME 

BLACKJACK 3 and BLACKJACK 3 Prime are DNA-owned pulsed electron-beam acceler- 
ators built and operated by Maxwell Laboratories. Both machines are operated 
from the same Marx generator. However, by switching between the BLACKJACK 3 or 
BLACKJACK 3 Prime intermediate storage and pulse-forming lines, the x-ray pulse 
width may be varied between 60 and 30 ns for the 2 machines, respectively. The 
energy in the electron beam for either machine is 30 kJ. To maintain the same 
electron-beam energy between .he 2 machines, the peak beam potential is 1.0 and 
1.5 MeV for BLACKJACK 3 and 3 Prime, respectively. BLACKJACK 3 has been opera- 
tional for several years and has undergone numerous upgrades to take advantage 
of recent advances in pulsed-power technology. BLACKJACK 3 Prime was scheduled 
to be fully operational in August 1978. 

3.8.1 Test Parameters 

Thp total beam energy of BLACKJACK 3 is typically 30 kJ, as measured from the 
electron-beam potential and I. This technique has been confirmed over many shots 
in which a graphite calorimeter was placed near a thin transmission anode. The 
peak electron-beam potentials are 1.0 and 1.5 MV for BLACKJACK 3 and BLACKJACK 3 
Prime, respectively. These values may be varied over a considerable range by 
varying the Marx charge potential and the cathode/anode spacing. 

The turnaround tine for BLACKJACK 3 is about 45 min. This period of time is 
required to cleaii the debris from the diode diaphragm, re-oil *-he diode interior 
surfaces, replace the cathode, anode, and converter (if in the x-ray mode) and 
pump the diode to a pressure of less than 6 v lO-44 torr. On any given shot, 
this time is usually extended because of the interaction with users and the setup 
of the experimental hardware. For example, 30 machine firings were obtained dur- 
ing a 5-day period when operating BLACKJACK 3 for Northrop. The average turn- 
around time for all 30 shots was 1.2 hr. In the same sequence of 30 shots, the 
x-ray dose at 1.3 cm from the Ta converter was meisured with a TLD array and the 
results were given as equivalent do<?s in 0.02 g/cm^ Ta. The peak dose at this 
position was 3.6 ± 0.6 cal/g Ta. The x-ray pulse width (FWHM) v/as 59 ± 4 ns. 

In anothe~ series of experiments in which the machine v/as operated in the 
electron-beam mode for Effects Technology, Inc., the diode data were analyzed on 
20 consecutive machine firings (Reference 1). The power FWHM was 58 ± 6 ns, 
diode beam energy was 32 ± 4 kJ, and the mean and peak electron beam potential 
was 720 ± 30 keV and 990 ± 60 keV, respectively. 

Timing signals may be taken from a variety of sources. For lowest jitter 
applications, the signal from a PIN or photodiode may be used as the scope trig- 
ger with an appropriate delay in the signal from the experiment. More typically, 
the trigger signal is obtained from the diode V monitor which occurs about 10 ns 
ahead of the diode I or x-ray pulse. The jitter is about 1 ns in this case. The 
oscilloscope trigger sign&l thus produced may be used to generate a fiducial 
signal, which in t^rn may be added to each oscilloscope trace in the system for 
accurate time correlations between signals. 

Ha r- 
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Electrical noise was measured on BLACKJACK 3 in conjunction with an x-ray 
test series run for the General Electric Company (Reference 2). These measure- 
ments were made in air and in vacuum with and without a Faraday cage. Alsc, x-ray 
shields of varying thicknosses were placed in front of the probes. Outside the 
Faraday cage in air, a 50-ohm terminated cable picked -ip a 40-V peak-to-peak sig- 
nal of about a 30 Mcycle frequency which lasted fcr a time exceeding the 1-ys 
measurement period. This type of noise is generated from the discharge of elec- 
trical energy through the BLACKJACK 3 system due to switching and higher mode 
electrical oscillations. Inside the Faraday cage behind the x-ray shield within 
a few cm of the diode, with or without the Faraday cage evacuated, the noise in 
an open-circuited 50-ohm cable is less than 20 mV peak to peak. Again, the noiie 
had a 30-Mcycle characteristic frequency which lasted for an extended period. 
Without the x-ray shield, the unterminated cable picked up a 2-V signal in vacuum 
which followed the x-ray signal. This 2-V signal was reduced to a 0.5-V signal 
when the Faraday cage was operated at 1 atm air. 

3.8.1.1 Diagnostic Techniques 

The diode potential is monitored with an electron-field probe that produces 
a signal proportional to E, which is passively integrated in the screen room to 
obtain the diode potential. The diode I is measured with an annular inductive 
caviry which produces a signal proportional to I, integrated in the screen room 
to obtain the electron-beam I. The electron-beam potential is obtained by assum- 
ing that a simple inductive correction may be made to the diode potential, i.e., 

V = v - T  — VB  VC  LD dt 

where Vg is the beam potential, VQ is the diode potential, LD is the iiode 
inductance and I is the electron-beam T. The beam potential is recorded directly 
by subtracting frow the diode potential tne dl/dt signal with the correct time- 
phasing snd amplitude attenuation of the dl/dt signal to acount for the diode 
inductance. Both the signal time-phasing and the inductance tveasureraents are made 
with a shorted diode. 

The general policy for the operatio; of BLACKJACK 3 is that the facility 
offer the diode electrical measurements and an x-ray PIN diode measurement. Cther 
diagnostics should be supplied by the user. This policy was made to keep the 
basic use cost of BLACKJACK 3 low. Howevers Maxwell can furnish, and has fur- 
nished, a variety of diagnostics to complement those used by the exDerimenter at 
an additional cost. Standard x-ray dose measurements are made with TLDs and Ta 
foil calorimeters. Maxwell uses LiF-impregnated teflon disks made by Teledyne/ 
Isotopes, i.e., SD-LiF-7-0.4. These disks are 0,79 cm in dia. and 0.041-crc thick, 
with a density of 2.18 g/cm^. These TLDs are read on a Harshaw Model 200C 
Reader. Other types of TLD materials may be used, if required. Maxwell Labora- 
tories makes Ta-foil calorimeters tor dose measurements. The standard configura- 
tion of this calorimeter is rugged and can tolerate a high ahock environment 
provided the Ta foil is not physically touched by debris or other material. Ta 

| foils have been used ranging in thickness from 0.0084 to 1.7 g/cm , althougn 
the standard thickness for this work is 0.042 g/cm^. Other calorimeters may be 
used upon request. 
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X-ray spectra measurements have been made such as those made for Northrop 
(Reference 3) using a series of filters and TLD oetectors. PIN diodes with 
selected filters also may be used for these measurements. However, these measure- 
ments lack spectral sensitivity above about 300 keV. Under the proper diode 
operating conditions, the x-ray spectrum calculated from the electron-beam poten- 
tial and I spectrum yields the same spectrum as measured with a filtered/PIN 
spectrometer or other spectral measurement technique (Reference 3). Selected 
machine waveforms can be digitized and used to generate the electron-beam spec- 
trum and the x-ray spectrum at the request of the user. Electron-baam measure- 
ments can be made upon request using stacked C-foil calorimeters, total-beam, 
C-block calorimeters, or segmented C-block calorimeters. 

3.8.1.2 Electron-Beam Mode Environment 

A schematic of the standard experimental configuration and magnetic field 
profile for the electron-beam mode is shown in Figure 3-125. To prevent pinching 
in the electron beam, the diode is immersed in an applied axially directed magne- 
tic field using solenoids. Cathodes ranging from 5 to 20 cm in dia. have be*n 
used to produce beam fluences between 25 and 500 cal/cm* at the diode. Since 
the diode is immersed in the fringe fields of the solenoid, magnetic compression 
further increases the beam fluence. Al out 70% of the beam energy can be passed 
through a 4:1 compression, so that fluences over 1,000 cal/cm^ are achievable. 

A highly compressed electron beam typically contains all velocity angles 
between 0 and 90 degrees so that it is not useful for materials testing when 
close computational comparison^ are desired. To facilitate comparisons with 
theory the beam is "cooled" by passing it through a magnetic expansion region. 
For example, a 2:1 expansion tends to reduce the maximum velocity angle to 45 
degrees. At this expansion ratio, measurements with a C-calorimeter foil depth- 
dose stack have confirmed that the mean angle of incidence of the electrons lies 
between 20 and 30 degrees (Reference 1). 

A thin graphite cloth has been placed in the region of the peak magnetic 
field to suppress hot spots in the electron beam via scattering and to minimize 
the contamination of target material blowoff impulse measurements from anode 
debris. Using this graphite cloth technique, measurements with 4 separate cal- 
orimeters at 90-degree intervals at each of several radial locations have shown 
chat the beam uniformity is within ±20% of each other for each radial location 
(Reference 1). 

Except for losses in the electron beam during the compression stage, the 
electron energy fluence is proportional to the radial magnetic field shown in 
Figure 3-125. Using a 10-co dia. cathode, a 120-cal/cm2 electron beam was 
measured 70 cm fron, the anode on axis. The beam was slightly hollow in that 145 
cal/cre^ was measured at a radius of 1 cm. Electron beams of 110, 80, and 30 
cal/cm' were measured at 2-, 3-, and 4-cm radii, respectively (Reference 1). 

Figure 3-126 illustrates typical electron-beam potential and I waveforms 
which were measured on shot 1632. The peak beam potential was 904 MV and the peak 
beam I was 580 kA. The diode energy was 34 kJ and the FWHM of the power waveform 
was 63 ns. 
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Figure 3-126. Electron beam potential and I waveforms for 
shot 1632 (the inductive V drop has been 
subtracted from the dicde envelope potential) 

Figure 3-127 illustrates a typical energy spectrum for BLACKJACK 3 using 
shot 1632. The spectrum was calculated from the waveforms shown in Figure 3-126. 
Figure 3-128 illustrates a measured energy deposition profile in C 70 cm from the 
transmission anode for shot 1629 (Reference 1). Also shown on Figure 3-128 are 
Monte Carlo electron deposition calculations run from the electron spectrum cal- 
culated for this shot. The 3 curves represent electron incidence angles of 20, 
30, and 40 degrees from the normal to the C surface. The effective anglt of inci- 
dence is about 30 degrees. 

3.8.1.3 Environment Measurement Errors 

Measurement of the electrical waveforms are accurate to ±52. The 1 monitor 
may be calibrated by physically measuring the dimensions of the cavity. The V 
monitor murjt be calibrated by using a pulsed-cnarge technique. Oscilloscope 
measurements are only gojd to ±3% of full scale. tt best. 
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The electron-beam fluence and dose measurements were made with ATJ graphite, 
for which the specific heat was calculated using the following relationship: 

Cp = 0.150 + 7.82 x 10'
4T - 7.51 x 10~7T2 + 2.78 x 1010T3  , 

where Cp is in cal/g/°C and T is in °C. It is generally believed that this 
relationship is valid within ±10% from room temperature to 1,000°C. The cool- 
ing curve for each measurement was digitized and the resulting data were fitted 
to an analytic form. The analytic curve was extrapolated to shot time to obtain 
the temperature rise in the samples. The temperature rise obtained by this tech- 
nique should be within ±5% of true value, using a calibration visicorder. 
Hence, the dominating error is in the knowledge of the graphite specific heat. 

3.8.1.4 X-Ray Mode Environment 

Although BLACKJACK 3 may be operated in several modes, the pinched-beam mode 
provides an FXR field without the use of an external magnetic field. Since recent 
users of BLACKJACK 3 have needed to operate without interferences from the exter- 
nal Bg field, most of the beam characterization has been made in this mode. It 
should be apparent that x-rays may be generated from the electron beam described 
under the electron mode. Hence, the electron beam could be transported into the 
magnetic compression region and then into the expansion region. This would allow 
one to calculate the bremsstrahlung spectrum more accurately since the effective 
angle of incidence of the electrons may be controlled. 

An experimental Faraday cage is mechanically coupied to the front of BLACK- 
JACK 3 through a thick G-10 isolation plate. However, it is just as easy to posi 
tion the experimental cage next to the machine without any physical contact and 
avoid the mechanical shock which amounts to deflections with an amplitude of 1 
cm over several oscillation periods of 50 ms. The Faraday cage is an extension 
of the screen room and the signal cables may be placed inside the conduit between 
the cage and the screen room so that the outer conductor of the cable does' not 
touch ground except at the oscilloscope. The Faraday cage can be evacuated inde- 
pendently of the diode. 

The radial variation of x-ray dose has been measured over several experiments 
using a cathode of inner and outer radii of 5 and 10 cm, respectively, and a 
3-degree taper. These data are summarized in Table 3-13. The radial variation of 
dose follows a gaussian distribution at least down to a value about 25% of the 
peak dose on axis. Hence, the radii at 501 dose are 2.4, 30, and 77 cm for axial 
distances of 1.3, 2, and 10 cm, respectively. The variation of axial dose is also 
given in Table 3-13. Tue dose in 0.02 g/cm2 Ta is 3.6, 2.2, and 0.17 cal/g for 
axial positions of 1.3, 2.0, and 10 cm, respectively. For axial distances greater 
than 10 cm, the dose decreases as 1/R2 and the radial fallotf also may be esti- 
mated from the 1/R2 relationship. 

Figure 3-129 illustrates typical electron-beam potential and I waveforms 
obtained in the pinched beam mode of operation using the cathode described in the 
previous section. Figure 3-130 gives the time-integrated electron spectrum for 
this same shot. Figure 3-131 illustrates a typical PIN diode waveform measured 
for this shot. The x-ray pulse (FViHM) for this shot was 58 ns. 
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Table 3-13. Radial dose variation from BLACKJACK 3. 

Axial 
Distance 
Converter 

(cm) 

Gaussian 
Parameter3 

(cm) 

Radius 
at 50* of 
Peak Dose 

(cm) 

Area 
at 50« 

Dose 
(cm2) 

Dose 
Area Product 
(cal/gMcm2) 

1.3 

2 

10 

0.352 

0.279 

0.108 

2.36 

3.0 

7.7 

17.6 

28 

186 

67 

61 

32 

Note: 
aThe gauss1*nj)araneter is def ined as 

. .   / 1n DTiT 
a              X 

where D(x) is dose at the rad ial distance x 

1.20 

Figure 3-129. Electron beam potential I and power for 
BLACKJACK 3 shot #1534. 
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Figure 3-130.    Flectron energy spectrum for BLACKJACK 3 shot #1534. 
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Figure 3-13?. Comparison between the calculated 
bremsstrahlung spectra for BLACKJACK 3 
shots 1530, 1534, and 1543. 

Detailed t^asurements of Che x-ray spectrum have been compared with the x-ray 
spectrum calculated from the time-integrated electron spectrum. The results show 
that the measurements are consistent with the calculate! spectrum within the 
accuracy of the measurements (Reference 3). The calculated spectra for 3 typical 
BLACKJACK 3 shot« in the pinchwd-beasc mode are shown in Figure 3-132. About 6Z 
of the flueccfc may be attributed to K fluorescence. 
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3.8.1.5 Environment Measurement Errors 

The same comments on the machine electrical waveforms which were given in the 
section on electron-beam mode are also applicable here. The measurement of dose 
in Ta using a foil calorimeter is dependent upon the knowledge of the specific 
heat of Ta, the properties of the thermocouple, beat loss mechanisms, and the 
accuracy of the recording technique. The values of the specific heat of Ta and 
the thermocouples are well known and do not affect the accuracy of the measure- 
ments. For calorimeters less than 0.04 g/cm^ (0.0025 cm) thicK, corrections 
must be made for the heat loss down the thermocouple leads. The uncertainty in 
this correction increases as the foil thickness decreases. The main uncertainty, 
however, is most likely due to extrapolation of the recorded signal to shot time. 
This can be made to an accuracy of about ±7% under ideal conditions. 

The TLD system (LiF-impregnated in teflon disks) has an inherent repeatabil- 
ity of ±10%, i.e., identically exposed TLDs will have a ±10% standard devia- 
tion. The TLDs are calibrated with a Co-60 source versus an ionization chamber 
which has an accuracy of ±5% traceable to the National Bureau of Standards 
(NBS). 

3.8.2 Support Capabilities 

The standard crew consists of two technicians capable of preparing tho diode, 
setting up the screen room, and operating the mtchine. A senior staff engineer 
is provided to ensure overall machine performance. Additional machine shop, com- 
ponent assembly, and computational support can be arranged for if necessary. 

Up to 4 Tektronix 555 and 6 Tektronix 519 oscilloscopes are available. Any 
number of trigger-generated fiducials (up to 300 V) can be provided. The fidu- 
cials can be sent to the user scopes at any time relitive to the main pulse. 

Signal entrance to the screen room may be made by a variety of methods. A 
large 4-in. dia, conduit acts as an extension of the screen room, and this con- 
duit extends into the diode area of the block house. Cables also may be run to 
the screen wall and coupled to the screen via feedthroughs. These include 19 
RG214/U and 18 50-ohm Foauflex (RG 331/U) cables. A long pipe extends through the 
roof of the screen room for optical signals. The screen room has 1QG-V, r/1-cps 
power capabilities of 3 kVA available. 

Unless specifically requested, dosimetry is the responsibility of the user. 
However, upon request, TLD and foil-calorimeter measurements of x-ray dose, dose- 
depth measurements for X-spectrum, and C calorimeters for electron fluence and 
dose measurements can be provided. 

A wide range of computational facilities are available upon request. A 
Hewlett Packard 9820 desk-top calculator is available at no cost on a noninter- 
ference basis. This calculator is complemented by peripherals such as a digiti- 
zer, plotter, and magnetic tape cassette reader. This calculator may be used for 
beam waveform analysis or extrapolation of calorimeter data to shot time. A Data 
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General 230S Eclipse minicomputer with 64K word storage capability is also avail- 
able. This minicomputer has several peripherals such as a Hamasatsu optical 
scanner which may be used for rapid waveform digitization. A Joyce-Lebel Mark 3C 
microdensitometer also may be used with the minicomputer. The minicomputer may 
be used to communicate with outside larger commercial computers or the computer 
complex at the Air Force Weapons Laboratories in Albuquerque, New Mexico. Conse- 
quently, users may use the Maxwell computer facilities to reach a computer which 
could have their own programs, or the user could request the staff at Maxwell 
Laboratories to make analyses from cimple diode waveform analysis using in-house 
codes or make more sophisticated calculations using SANDYL or other large codes. 

Maxwell Laboratories has complete machine shop capabilities, and can machine 
components up to 6 ft in dia. An in-house welder and technicians experienced in 
microfabrication techniques are available. Sufficient laboratory benches and 
desks are available in the main experimental building for users. A photographer 
and related camera facilities are available to meet all user requirements from 
witness plate records to experimental hardware configuration documentation. 

The BLACKJACK 3 diode is housed in an 8-ft high concrete blockhouse. The 
width of the blockhouse is about 14 ft and the distance from the diode to the 
back of the blockhouse is 18 ft. The diode center line is about 4 ft above the 
concrete floor. The diffusion pump and other Jiode support hardware is arranged 
to minimize interference with user hardware. „leir locations can be modified if 
necessary. For information concerning use of the Maxwell facility contact: 

Dr. John E. Rauch 
Mawell Laboratories, Inc. 
9244 Balboa Avenue 
San Diego, CA 92123 
Telephone:  (714) 279-5100, Ext. 199 

Maxwell Laboratories offers the use of the BLACKJACK 3 generator for a 5-day, 
40-hr week with a guaranteed 15 usable shot minimum at the 25-kJ level with mag- 
netic beam extraction. This includes senior staff supervision of the operation 
of the facility and 2 full-time technicians. Maxwell Laboratories will make all 
data available to users (waveforms, calibration, etc.). No data analysis or final 
report will be furnished under t'iis task. 

The fixed price rate schedule for use of the Maxwell facility is as follows: 

1 Week (40 hour») 

Basic Service 

Shot Surcharge 

Rebate 

Electron Beam Mode 

$6,600 

$75/shot over 20 shots; 
$1,500 maxiraus 

$440/shot for under 15 
shots* 
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FXR 

$7,200 

$10J/shot over 20 
shots; $2,000 
maximum 

$480/shot for under 
15 shots* 



2 Weeks (80 hours) 

Basic Service 

Shot Surcharge 

Rebate 

Electron Beam Mode 

$12,000 

$75/shot over 40 shots; 
$3,000 maximum 

$400/shot for under 30 
shots* 

FXR 

$13,200 

$100/shot over 40 
shots; $4,000 maximum 

$440/shot for under 
30 shots* 

Pulsing sessions of less than 1 week duration will be booked only under spe- 
cial circumstances, at negotiated rate, with no guarantees provided as to a min- 
imum number of shots. 

Pulsing sessions of more than 1 week, but less than 2 weeks, will be prorated 
at the weekly rate for the entire period, wnen available. Pulsing sessions of 
more than 2 weeks duration will be booked at the prorated 2-week rate for the 
entire period, when available. 

Maxwell will endeavor to allow the user to set up experiments prior to the 
pulsing period. When the facility must be provided on an exclusive basis for user 
setup during a working week, a charge of $l,000/day (8 hrs) will be levied. This 
will include the services of the 2 technician/operational crew. If the facility 
is utilized during the week prior to a customer's pulsing period and setup can 
be accomplished on a noninterference basis, no charge will be levied. For exper- 
iments requiring setup over a weekend, a fee of $500 per (8-hr day) Saturday or 
$650 per Sunday or holiday (8-hr day) will be levied. This will include the ser- 
vices of 1 technician. 

3.8.2.1 Optional Time and Material (T&M) Support 

Maxwell Laboratories, Inc. will provide optional T&M support on an as- 
required basis. (Experience to date has shown extremely little actual effort is 
necesary.) The T&M effort would be directed only by the user On-Site Manager to 
the Maxwell BLACKJACK Program Manager. 

Consultation services will be provided at the rates indicated below. Any 
materials will be charged at cost plus 20Z handling expense. 

1. Senior Staff Engineer  $60/hr 

2. Machinist $30/hr 

3. Senior Technician     $29/hr. 

Services provided on an overtime basis will be computed on a time-and-a-half or 
double-time basis, as mcy be applicable. 

The user must provide full workman's compensation and employer's liability 
insurance, as well as automobile and general liability insurance for his em- 
ployees and representatives. The user also must provide the prime contract number 

♦Rebates apply to failure to perform based on Maxwell Laboratories delays. 
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and agency, along with security clearances for all personnel who will visit 
Maxwell's site. The shipping address is: 

Maxwell Laboratories, Inc. 
9110 Balboa Avenue 
San Diego, CA 92123 
Attn: John E. Rauch 

The BLACKJACK 3 and BLACKJACK 3 Prime facility may be used for a wide variety 
of experiments from materials response studies in the electron-beam mode to tran- 
sient ionization and SGEMP studies in ehe x-ray mode. Dose-rate studies may be 
made by switching between the nominal 60-ns BLACKJACK 3 to the 30-ns BLACKJACK 3 
Prime machine. 

Use of the BLACKJACK 3 is scheduled on a noninterference basis with ongoing 
DM-sponsored experiments. Resolution of scheduling conflicts in the use of the 
facility are made through DM if the programs are both DNA sponsored. Normally, 
a minimum of 60 days of advance notice is required for use of the machine with a 
valid purchase order or contract received 30 days in advance of the scheduled 
experiment. 

3.8.3 References 

1. Froula, N., Preliminary Characterization of the BLACKJACK ill Pulse Electron 
Beam for Material Response Studies, CAP-TR-77-11, October 23, 1977, Corrales 
Applied Physics Co., Corrales, New Mexico (draft report submitted to Effects 
Technology, Inc., Santa Barbara, California). 

2. Phelps, D., and J. Rauch, General Electric Tunnel Diode Amplifier X-Ray 
Diode Tests Using BLACKJACK 3, January 9 through 24, 1978, MLR-716, Febru- 
ary 24, 1978, Maxwell Laboratories, Inc., San Diego, California. 

3. Phelpa, D., and J. Rauch, BLACKJACK 3 Flash X-Ray Measurements, April 29 - 
May 6, 1977, MLF-666, May 27, 1977, Maxwell Laboratories, Inc., San Diego, 
California. 

4. BLACKJACK 3 Flash X-Ray Facility, Maxwell Laboratories, Inc., Engineering 
Bulletin 1021, June 16, 1978. 
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3.9 TRW VULCAN AND FEBETRON 705 X-RAY FACILITY 

TRW Systems Group Vulnerability and Hardness Laboratory has a VULCAN FXR and 
a Field Emission Model 705 FEBETRON; some of the characteristics of the Field 
Emission Model 705 are described in Section 3.2. 

3.9.1 FEBETRON 705 

Because of its excellent reproducibility and high repetition rate, TRW's 
FEBETRON 705 is used extensively for production latchup screening and for devel- 
opment radiation testing of piece parts. 

The FEBETRON facility has a 3-axis automatic-positioning exposure table, a 
remote TV-viewing system, a fully equipped shielded instrument room, and a 
sophisticated fully automated electronics system for production "go, no-go" 
screening testing. With this facility, TRW has screened over 150,000 digital and 
linear integrated circuits (ICS) for radiation-induced latchup. 

3.9.1.1 Machine Specifications 

The FEBETRON 705 specifications are: 

1. Gamma 

a. Peak done 

b. Pulse width 

c. Maximum repetition rate 

2. Electron 

a. Average electron energy 

b. Peak I 

c. Pulse Width 

d. Maximum dose rate 

e. Maximum fluence (w/ext. magnet) 

7,000 rad(Si) 

20 ns (FWHM) 

1 pulse/min 

2 MeV 

5,000 A 

25 ns (FWHM) 

10  rad/s 

140 cal/cm 
2 

TRW has been performing latchup screening on production parts since 1969 and 
has built up an inventory of load boards and test procedures for more than 100 
different part types; thus, a significant screening cost reduction is realised 
since the creation of  these items comprises much of the initial test cost. 

Each IC is individually monitored using a diode radiation detector to demon- 
strate that radiation dote is within the specified levels. These diodes are cal- 
ibrated daily or before each new test setup against TLDs which are calibrated 
against standard radioisotope sources. The calibration of these sources is trace- 
able to K5S primary standards. 
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3.9.2 VULCAN 

The VULCAN facility, in operation in Building 84 of the TRW Systems Group, 
Redondo Beach, California (Figure 3-133) since November 1973, is available for 
part-time use by outside customers. VULCAN incorporates a PI 950 pulse-rad 
machine of advanced design. It is 11 ft wide by 11 ft high at the energy storage 
erd, and 9 ft in dia. at the fast-energy storage end. The total system (50 ft 
long), including vacuum dicde and target, is mounted on railroad tracks so that 
it can be easily movad for maintenance or for incorporation of the electron-beam 
drift chamber. The machine projects into a large 40- by 40-ft high ceiling vault 
which has 18-ft high walls of concrete thick enough to reduce radiation levels 
well below existing standards. A 10-ft high double-walled steel screen room, 
certified to 100-db magnetic and electric field attenuation, is centered in front 
of the target end of the machine. Clearance for lighting restricts the height of 
test objects to 9 ft, 4 in. above the floor. This room is 28 ft long and 16 ft 
wide. A 4-ff-, 0.25-in. thick Al plate, which is part of the rfi/emi screen 
room closure, is positioned immediately in front of the target, and the machine 
is butted against the plate, allowing test objects to be placed as close as 0.25 
in. to the machine external target face. 

The electron/x-ray beam axis is 6 ft from the floor of the screen room. A 
heavy wooden test tabl? rolls on rails for 28 ft along the beam axis, from the 
rear of the room to the Al faceplate. The table is supplied with several hori- 
zontal flat surfaces, or steps, 3 ft wide by 5 ft deep, for holding test objects 
and lead shielding. The steps can be adjusted to heights of 4.2 in., 10.5 in., 
19.5 in., and 23.7 in. below the beam center line. 

The exposure screen room can be entered either through a large 8- by 8-ft 
double door, or clu'Cugh a conventional door 3,5 ft wide by 7 ft higv. The double 
door, used for large-system entry, is usually kepi; closed. The smaller door is 
interlocked with the console so that screen room integrity will be assured during 
firing. 

A second double-walled sleel screen room, also certified to 100-db magnetic 
and electric field attenuation, houses the instrumentation necessary t.o support 
experiments. Located behind a 6-i't thic» concrete shield forming the west side 
of the vault, the room is 1? ft wide by 16 ft long by 8 ft high. Welded-steel 
6-in. dia. conduits connect thfc 2 screen rooms, the machine console, the machine, 
and a parking area beyond the east wall of the building. Protection from 
x-radiation is provided for t'\e  cabling by running the conduits underground. 

The machine is made up of several functional subsystems. The basic machine 
consists of a 50-stage hybrid Marx generator, followed by a folded, oil Blumlein 
pulse-forming line which, in turn, is followed by a vacuum field-emission diode. 
For x-ray work, an internal Ta target/anode is used. For electron-beam work, a 
transmission anode allows the beam produced in the vacuum diode to pass into a 
vacuum chamber which has an adjustable pressure control for beam density. Sample 
exposures are made in this chamber. 

The machine has an energy storage capability of 100 kJ. This energy is trans- 
formed into an extremely intense burst of x-rays to higher than 10*2 rad/s in 
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the y mode or to an electron beam of higher than 5 x 10^ W intensity in 
the electron mode. The pulse length is typically 45 ns measured as FWHM dose. The 
field-emission diode consists of a cathode and an anode separated by a high 
vacuum. For VULCAN, a number of cathode configurations are used: for high dose 
at the faceplate and into the far-field regions, a multineedle cathode is used; 
for the production of a relatively uniform dose over a large volume, a large 
toroidal cathode is used at the expense of high dose at the faceplate. 

For x-ray bremsStrahlung production, the anode is made up of a sandwich of 3 
sheets of 0.002-in. stainless steel backed by 3 sheets of 0.015-in. Ta backed by 
0.625 in. Al beam stopper and vacuum closure. For users in the exposure screen 
room, the 0.25-in. Al plate required to preserve screen room integrity must be 
added as additional absorber. For external electron-beam production, other forms 
of a cathode are used, depending or the beam shape desired; and the anode and 
target are replaced by a thin Ti window, allowing the beam to enter an auxiliary 
vacuum ci.^mber. 

3.9.2.1 Performance Characteristics 

VULCAN performance characteristics for the y *°d electron modes are. 

1. Y Mode: 

a. Peak x-ray energy 

b. Peak dose per pulse 

c. Dost at 1 m 

d. Do&a at 28 ft 

e. Timing jitter 

f. Maximum repetition rate 

2. Electron Node: 

a. Average electron energy 

b. Pea* T 

c. Pulse length 
2 

d. Fluent:« (over 10 cm ) 

e. Front surface dose rate 

f. Total useful beam energy 

7.5 MeV 

60 krad(Si) 

450 rad(Si) 

<3 rad(Si) 

22 ns rms 

1 pulse/5 m 

4 MeV 

lOO.OOOA 

48 ns (FWHM) 

>150 cal/cm2 

1015 r*d(Si)/s 

>15 kJ 

X-Ray Mode. The dose at the front fare from i'ie machine bremsstrahlung, when 
the needle cathode it used, has a pulse-to-pulse raproducibility better than 16% 

Seam center wander is less than 0.5 cm. 

Volumetric maps are given for the use of Che needla cathode in Figures 3-134 
and 3-135, and for the toroidal cathode in Figure 3-!36. The dose-rate pulse 
shape as measured by a silicon PIN dosimeter located in the room is shown in 
Figure 3-137. FWHM has been measured as 45 i 4 ns. 

1 
1 s 
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Figure 3-134. VULCAN dose map, 90-kV charge. 
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gure 3-137. VULCAN pulse shape. 

The x-ray spectrum from the machine has not been measured. The maximum x-ray 
energy is about 7.5 MeV at SO-kV charging. As some indication of the effective 
energy, a plot of CaF2-teflon disc dosimeter response versus Al sandwich thick- 
ness is given in Figure 3-138. 

Shot rate is, in general, limited to al/out 1 shot every 15 mm* If no access 
to the exposure room is required between shots, this time can be reduced to 10 
min. Dosimetry readout time requires about 2 min per dosimeter. If a large number 
of dosimeter readouts is required before the next shot, the shot rate may be 
limited by dosimeter readout tine. 

80-ftVCiARGE 

CoF2 
vEFLON DISC DOSIMETERS 

I JL 
0 0.04 0.0S 0.12 CI6 0.20 

ALUMINUM SANDWICH THICKNESS, In. 

Figure 3-138. VULCAN equilibrium thickness study. 
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Electron-Beam Mode. In the electron-beam mode, the maximum electron-beam 
energy is about 4.5 MeV, and the delivered energy to an external target or test 
device is 15 to 20 kJ. About 10 kJ can be focused to a spot of 1 cm^ or less, 
through the use of Bennett pinching in a pressure-controlled vacuum chamber 
extension. 

Instrumentation. The instrumentation screen room is set up for performing a 
variety of testing programs. Cabling is installed in 4 connecting conduits lead- 
ing to the exposure screen room: 3 are filled with RG-214 cables to the front of 
the room, and 1 is filled with RG-214 cables to the rear of the room. All cables 
are terminated with 50-ohm General Radio type GF-874 connectors at the entrance 
to each screen room. Cable lengths and routings in the conduits are listed in 
Table 3-14. In the instrumentation room, RG-214 cables distribute signals from 
the entry of the instrumentation screen room to patch panels located conveniently 
close to oscilloscopes on each rack of equipment, terminating also in GF-874 
50-ohm connectors. T^siial \ standing-wave ratio (VSWR) through the patch panels 
from the devices in the target screen room throvgh the patch panels in the 
instrument room has been measured at better than 1:10. 

Additional empty conduits are provided for expansion, and for users who would 
rather use their own cables than the installed cables (see Table 3-14). The noise 
levels during test will, however, be somewhat higher than if the installed cables 
are used. The conduit running to the van area outside the building is also empty 
at present, and capped. 

A second conduit from the van area connects directly to the instrumentation 
screen room. Another conduit, used to provide trigger signals from the machine 
console to the room and from the room to the console, connects directly from the 
instrumentation room to the console area. These signals pass into the room 
through coaxial lines but are being replaced by optical trigger links. Additional 
"go, no-go" information can be pas3ed by vey of this conduit. An intercom system 
connects the console, both screen rooms, and the machine bay. 

All 60-cycle power is provided on 1 $. Adequate power is available to oper- 
ate not only the 6 rack« of equipment committed to the room at present, but also 
at least 5 more racks of equipment and most subsystem test sets, for which there 
are four 3-prong 50-A Hubbell outlets located around the rocm. 

Air-conditioning is piped directly, partly to the committed racks and partly 
".o the general room area. The system capacity is adequate to handle a load of 
double the present mount of equipment. 

The exposure screen rom it supplied with a number of 3-prong Nema outlets 
arrayed around the room for 110-Vac service. There are also two 3-prong 50-A 
Hubbell outlets for supplying test sett and other arrrays of support equipment. 
Instrumentation committed to the instrumentation room is listed in Table 3-15. 

All cameras and oscilloscopes are hooked into a completely automatic sequenc- 
ing system which puts graticules and baselines on each photo frame, oscilloscopes 
to READY, and opens and closes the shutters at the appropriate time. 

3, - - 1 
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Table 3-14.    Conduit routing. 

Conduit 

Routing Cable 

Connector 
Type From To 

Length 
(ft) Number Type 

1 Exposure 
room, front 

Instrument 
room 

44 Empty 

2 Exposure 
room, front 

Instrument 
room 

44 10 RG-214 GF-874 

3 Exposure 
room, front 

Instrument 
room 

44 10 RG-214 GF 874 

4 Exposure 
room, front- 

Instrument 
room 

44 10 
4 

RG-214 
RG-214 

GF-874 
HN 

5 Exposure 
room, front 

Instrument 
room 

40 10 
4 

RG-214 
RG-214 

GF-874 
HN 

6 Exposure 
room, front 

Instrument 
room 

40 Empty 

7 Exposure 
room, rear 

Instrument 
room 

65 10 
] 

RG-214 
RG-214 

GF-874 
HN 

(Committed to PIN 
detector radiation) 

8 Exposure 
room, rear 

Instrument 
room 

65 10 
4 

RG-214 
RG-214 

GF-874 
HN 

9 Exposure 
room, front 

Parking lot 38 Empty 

10 Instrument 
rootii 

Parking lot 70 Empty 

11 Mach ine 
console 

Instrument 
room 

22 1« RG-214 

12 Machine 
console 

Machine, 
front 

55 -b 

i 

Notes: 

*Not ava iiaole. For triggering on iy. 
DMachine operation and diagnostic cables. 
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Table 3-15. Committed instruments, instrumentation screen room. 

Number 
of units Item 

Manufacturer 
and Model Number 

6 Oscilloscope with horizontal and vertical 
amplifier gain readout on the trace, 
175 MHza 

Tektronix 7704 

6 Vertical amplifier plug-in Tektronix 7A16A 

4 Vertical  amplifier plug-in Tektronix 7A21N 

2 Vertical amplifier plug-in Tektronix 7A12 

2 Vertical differential  amplifier plug-in Tektronix 7A13 

5 Time-base plug-in Tektronix 7B71 

2 Time-base plug-in Tektronix 7B70 

6 Oscilloscope, dual beaus, 50 MHz Tektronix 556 

2 Vertical amplifier pluo-in Tektronix L 

2 Vertical differential amplifier plug-in Tektronix 1A5 

8 Vertical amplifier plug-.n Tektronix 1A1 

13 Oscilloscope cameras, automatic Tektronix C-52 

Trigger delay generator (generally 
committed to operations) 

TRW Instruments 
Company 46A 

Digital yoltmeter Dana 4530 

Digital voltmeter Hewlett-Packard 344A 

Electronic counter with all plug-ins Hewlett-Packard 5245L 

Power supplies — wide variety 

Note: 
aA.ll osci lloscopes have Pll phosphor tubes. 

I • t:* I 

■ • 
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TRW Systems maintains a large inventory of available equipment such as addi- 
tional oscilloscopes - including several Tektronix 7904 systems, magnetic tape 
recorders, light beam and heat stvlus multichannel recorders, and a largt variety 
of timing and digital readout equipment. 

Several triggering capabilities are available for operations. 

1 , A fast radiation trigger is available in the screen room. 
This trigger is taken from the output of a number of 
diodes in series which are placed against the faceplate 
of the screen room and are connected through a shortened 
cable to the instrumentation room. The diode output can 
be used directly to trigger oscilloscopes -v can be used 
through a t  ilse generator. 

2. A trigger is available from the console which is taken 
from the firing pulse to the machine. Delay from the re- 
ceipt of this trigger to the receipt of the radiation 
pulse into the instrumentation room is about 1.4 ms with 
a measured jitter of 22'ns rms. This trigger can be, and 
generally is, passed through a TRW Instruments Company 
pulse generator in the room, 
scopes. 

for a fanout to the oscillo- 

3. The machine can be cosianand-fired from the instrumentation 
room. A 10- v signal ito a 50-ohm cable is required for 
positive triggering. As before, the radiation pulse will 
be received back in the screen room in about 1.4 ms after 
the trigger in initiated. A variable-time-delay pulse 
generator is available in thf screen room to provide a 
wide range of delayed firing times. 

Grounding-Shi el ding-Noise Suppression. A key feature in the specified design 
of the x-ray machine was that there be no exit points for rfi/emi radiation from 
inside the machine. The machine, accordingly, has an exceptionally low level of 
noise output. During o' .'rations, the exposure screen room is connected directly 
to the machine at the interface of the target with the plate, providing a very 
short low-inductance return for the Compton-generated I in the faceplate. 

Noise suppression design has been predicated un a system design of 3 individ- 
ual totally enclosed "rcreen" rooms, or sets: the exposure screen room, the 
instrumentation screen room, and the individual conduits. Driving Compton I 
induced on cables in the exposure room, and I from screen room resonating, are 
returned to the faceplate where they originated by grounding all cable shields 
with plates connected into boxes made part of the screen rooms. In this way, I 
induced on shields cannot carry through to the instrument room. 

The building contains a small machine shop which has a lathe, drilling ma- 
chine, metal-cutting band saw, and a limited array of tools. This facility can 
be made available for minor work. For larger, more sophisticated projects and 
emergencies, model shops with trained machinists can be made available in nearby 
TRW buildings. 

* i 
I 
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Double-cassetted shield boxes still can be used in the VULCAN facility either 
by resorting to the empty conduits or, with more certainty of producing low lev- 
els, bv grounding both braids at the screen room wall bafore the cable bundle 
passes into the conduits. Compton-generated I in the exposure screen room cause 
it to resonate at a relatively high Q. The major frequency component is associ- 
ated with the long 28-ft dimension of the room. Cable pickup from this cause can 
be largely suppressed by using double-shielded or solid-shielded cabling in the 
exposure room. 

Single-point grounding has proved best suited to work occurring in frequency 
regimes where one-half the wavelength is long with respect to cable runs. In fre- 
quencies with shorter wavelengths, grounding is beat in whichever way a low 
inductance return is achieved. There is no provision for a separate earth ground 
for the system other than code connections for dc protection to an existing 
salt-pit ground. Attempts have not been made to insulate the room from earth. 

Dosimetry. Dose rate is measured for each pulue by a solid-state radiation 
PIN diode sandwiched between an equilibrium layer of Si slices, so that the 
detector is reading true Si dose rate. The detector is positioned in a region as 
close to the x-ray beam axis as possible without being shadowed by experiments. 
A copy of the pulse waveform is available for the experimenter. 

Dose information can be obtained in a variety of ways. The facility includes 
both EG&G hodel TL-3 and Teledyne Model TLD 73CO readers for reading a variety 
of TLDS, both LiF and CaF2- For high-level work, the laboratory has made stand- 
ard the use of the small Teledyne disks, SD-CaF2~0.4, which are made with CaF2 
dispersed in a Teflon matrix 6 mm in da. and C.4-mm -hick. The disks can be used 
bare for in-situ measurement or can be used with Al equilibrium shields optimized 
for the machine spectrum measurements. On the average, it takes about 2 rain to 
read out and process each dosimeter disk. Up to 6 dosimeters can be supplied and 
read out in real time for customers. Additional numbers may be used under these 
reading-tine constraints, usually at extra charge. Measured relative accuracy of 
the dosiiaetjirs appears to be 3% rms. Calibration and standardization has been 
performed with the use of in-house Cs-137 and Co-60 sources, and a Co-60 source 
at Northrop Corporation. A Model 2502 Farmer cecondary standard manufactured by 
Nuclear Enterprises and calibrated at the NBS lias been used for the basic stand- 
ardization, backed by a Landsverk 10,000-R meter, also calibrated at the MIS. 

3.9.3 Support Capabilities 

The facility test area, including the exposure screen room, can ba fully 
secured for sensitive work; vaults and file in the building are available for 
sensitive storage. An experiment laboratory can be made available for other work, 
which also can be fully secured. 

The TRW staff can generally be retained under contract to perform an entire 
experimental program, including design assistance, experiment planning, execu- 
tion, and analysis, or a mix of any of these items. 

3-152 



Pricing is as follows: 

1. VULCAN (includes all pulsers, 
film, dosimetry, and 
instrumentation) 

2. Additional Services 

a. FEBETRON 705 

b. Latchup 

Prices are subject to change without notice. 

$1,650 per shift 

$675 per shift 

' Requires special quote. 

Time must be reserved for use by outside customers at least 1 month in 
advance to assure desired scheduling. Normal working hours at the facility are 
8:30 a.m. to 5:30 p.m. Second-shift operations can be scheduled when required. 
In general, the machine will be available for use 5 days per week. 

It is necessary to clean and wipe the field-emission diode approximately 
every 30 to 40 shots. Turnaround time for this operation is about 1 hr. The 
facility is generally manned from 6 a.m. to 9:30 p.m. for general maintenance. 
Users are advised to schedule setup and teardown within the hours of 6 to 8:30 
a.m. and 5:30 to 9:30 p.m. so that the regular shift hours, for which a charge 
is incurred, are used for machine pulsing. 

The facility is located in Building 84 of the TRW Systems Group, Redondo 
Beach. It can be reached from downtown Los Angeles o: from the International Air- 
port by driving south on the San Diego Freeway to the Rosecr?ns (West) offramp. 
Building 84 is located at 14520 Aviation Boulevard (Lawndale), 3 blocks west of 
the offramp. As an alternate route, one can drive east on Century Boulevard from 
the Airport to Aviation Boulevard, then turn right (south) and continue on Avia- 
tion to Rosecrans Boulevard. A half block beyond Rosecrans, turn left ir.'o the 
driveway of TRW Semiconductors, Inc. The building is located at the end of the 
driveway. 

For more technical information, call or write: 

P.P. Guilfoyle 
TRW Systems Group 
Building 84, Room 1002 
One Space Park 
Redondo Beach, CA 90278 
Telephone: (213) 535-0056 

The TWX number is 910-325-6611. The customer on-site telephone number is 
(213) 536-2231. 
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3.10 HERMES II AND REBA/REHYD 
ELECTRON-BEAM GENERATORS 

HERMES II and REBA/REHYD are high-energy electron-beam generators operated 
by Sandia Laboratories, Albuquerque, New Mexico. HERMES II has been in operation 
since February 1969. REBA has been fully operational since November 1969. REHYD 
is a water-insulated, low-impedance transmission line which was installed on the 
REBA facility in 1975. The three machines are described separately in the follow- 
ing paragraphs. 

3.10.1 HERMES II 

The HERMES II is a high-energy, pulsed, field-emission electron-beam or 
brewsStrahlung x-ray source. It was designed and constructed by Sandia Labora- 
tories to provide high-dose-rate radiation-effects studies and material-response 
studies of rapid energy deposition. The principal components of HERMES II are a 
Marx generator, a Blumlein transmission line, and an output tube. Stored low-V 
energy is converted to high-V energy by the Marx generator and then transferred 
to the Blumlein transmission line, which serves as a fast-discharge, pulse- 
forming, low-inductance energy source for the output tube. 

The Marx generator consists of a bank of capacitors which are charged in par- 
allel and discharged in series by means of spark-gap switches. The negative-V 
output of the Marx generator is placed on the coaxial Blumlein transmission line 
consisting of three concentric cylinders. The V pulse formed by the Blumlein is 
impressed across the tube diode which consists of an insulating and vacuum- 
holding structure, a field-emission cathode, and an anode. 

The anode used for the electron-beam mode of operation is a thin low-Z target 
which allows passage of the electrons with minimal energy loss. For the x-ray 
mode of operation, the anode used is a thick high-L target, selected for maximum 
efficiency in converting electron-beam energy into bremsstrahlung x-radiation. 
Performance characteristics of the HERMES II are as follows: 

1. Marx Generator 

a. Charging V 70 kV 

b. Repetition rate 3 pulses/hr 

c. Energy stored (maximum 100 kV charge;    1.0 MJ 

2. Diod» 

a. Peak diode V 10 HJ 

b. Peak diode I 100 kA 

c. Total beam energy 75 kJ 

3. Electron-Beam Environment 

a. Transported L?ass snergy 40-60 kJ 
2 

b. Feat beam flu^nec 500 cal/cm 

c. Pulse width (F**HM) 50 ns 
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X-Ray Environment 

a. Feak dose pulse (at anode) 

b. Peak dose rate (at anode) 

c. Pulse width (FWHM) 

d. Pinched beam mode dose/pulse (at anode) 

e. Pinched beam mode dose rate (at anode) 

5 x 10 rad(Si) 

1 x 1012 rad(Si)/s 

50 ns 

4 x 105 rad(Si) 

8 x 1012 rad(Si)/s 

Figure 3-139 is a reproduction of a Compton diode output signal obtained dur- 
ing a HERMES II operation. Because the shape is independent of position and V 
level, an arbitrary scale has been used on the ordinate. The PWHM is 50 ns. The 
estimated accuracy of this value is ±5 ns. 

3.10.1.1 Repetition Rate and Pulse Reproducibility 

Pulse repetition rate for the x-ray mode is 1 shot each 20 min, with minimal 
degradation in the mean dose output. For pulses spaced at 20 min, the standard 
deviation in dose per pulse is 15%. 

Pulse delay and pulse jitter are highly sensitive to machine conditions. 
While these quantities ara relatively stable over a series of pulses, the effect 
of modifications in configuration and maintenance efforts cannot be predicted. 
Representative values over 2 recent series of pulses are: 

Series 

1 

2 

Pulse Delay (us) 

11.5 

42.0 

Pulse Jitter (us) 

±2.5 

±5.0 

1.0- 

T T 

^—3a—h—sb—A—ra*&—rco 
T;.w (ns) 

Figure 3-139.    High-impedance diode x-ray 
pulse shape. 

■ Ufa* 
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Serie? 1 is representative of the most frequent machine operating conditions. 
Pulse delay is measured from the occurrence of the Marx generator trigger signal 
to time of peak value of the anode-cathode gap I. Pulse jitter is given as the 
maximum observed variation from the mean in pulse delay. 

RF interference measurements were made in the vicinity of the HERMES II 
experimtnter's area. Peak electric fields of 3.1 kV/m are detected at the north 
screen room during a HERMES II firing. Proper use of available screen rooms, 
instriment vans, and shielding of the experiment and signal cables reduces the 
RF interference to an acceptable level. Shielding systems in use enable gathering 
of zero-time data that are of the order of 100 mV in magnitude. 

The electron-beam energy fluence measurements are obtained by using a total- 
stopping graphite calorimeter. V and I waveforms are sampled by suitable monitors 
and displayed on oscilloscopes or on a Tektronix 7912 system. These latter two 
parameters are obtained on all HERMES II operations. 

TLD-400 TLDs are used as the standard dosimeter. These art 0.317-cm by 
0.317-cm chips of CaF2 (Mn-activated) which will measure doses from 1 rad(Si) 
up to 6 x 10' rad(Si). Exposure levels of the dosimeters are determined by 
the Sandia Laboratories Diagnostic Laboratory. The Sandia Gamma Irradiation 
Facility, a Co-60 source, is used for calibration purposes. 

Time-dependent x-ray measurements are made using Compton diodes, photodiodes, 
and PIK detectors. 

3.10.1.2 Electron-Beam Mode Environment 

Figure 3-140 illustrates the HERMES II differential energy spectrum, normal- 
ized to 1 electron. This information is obtained from time-synchronized V and I 
traces. Digitized values of the tube I and V are processed in a 3-parameter fit - 
ting program, taking proper account of tube inductance. Spectral results obtained 
by this method are used to calculate energy deposition profiles and photon spec- 
tra, which exhibit good agreement with measured data, and are estimated to be 
accurate to +20X. 

3.10.1.3 Total Beam Energy 

The total beam energy produced by the high-impedance diode at normal operat- 
ing parameters is approximately 75 kJ (18 kcal), but a significant fraction may 
be lost in focusing, depending on the experiment location. Transport efficiency 
and spatial distribution of the beam at the target are primarily dependent upon 
the drift chamber pressure and axial location of the experiment. 

The total beam energy transported over a distane of 88.9 cm (35 in.) from 
the anode is plotted as a function of drift tube pressure in Figure 3-141. The 
scatter of data points about the fitted curve is relatively large. The variation 
of the beam transport efficiency as a function of axial position in the drift 
tube is illustrated in Figure 3-142. This series of measurements was made at 400 
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torr in the dri.t chamber and is not necessarily representative of similar meas- 
urements at other background gas pressures. 

Estimated accuracy of these data, obtained using a segmented, grap ite total- 
stopping calorimeter, is ±20%. While the information presented is considered 
to be typical, significant variations are observed in nominally identical pulses 
which are separated by an extended period of machine operation and/or changes in 
the accelerator configuration. Note that an identical point on Figures 3-141 and 
3-142, transported energy at 88.9 cm from the anode and background gas pressure 
of 400 torr, indicates results differing by approximately 40% for these 2 series. 
Over a single continuous series with identical conditions, however, the outputs 
are less scattered. Nevertheless, we stress the recommendation for routine meas- 
urements by each experimenter. 

3.10.1.4 Beam Geometry 

The spatial distribution of energy within the ÜERMES electron-beam is a sen- 
sitive function of diode and drift chamber conditions, and significant variations 
in the profiles may be observed from time to time. However, over a continuous 
series of identical pulses, the distribution is relatively stable. For these 
reasons, the information presented is only illustrative of expected profiles and 
their dependence upon system variables. If spatial distribution of the incident 
fluencc is an important parameter of the experiment, it should be measured regu- 
larly during each series of nominally identical HERMES II shots. 

Figure 3-143 is a typical set of beam profile measurements at various exper- 
iment locations in the drift chamber. It is important to note that profiles gen- 
erally exhibit a drastic dependence upon pressure and should be determined for 
each test configuraton. Drift region pressure during these measurements was 400 
torr. The data for Figure 3-143 were obtained with the segmented, graphite total- 
stopping calorimeter and have an estimated accuracy of ±20%. 

3.10.1.5 Energy-Deposition Drift Chamber 

Energy-deposition profiles for this HERMES electron beam have been measured 
using linear-array calorimeters. In addition, the spectrum calculated from I-V 
dtta can be used in an electron-phot on transport code to compute the deposition 
profile. Figure 3-144 shows a comparison of measured data in Be using a linear- 
array calorimeter, with calculations at 45- and 60-degree angles of incidence. 
The measured curve was obtained at an incident fluence of 532 cal/cm2; similar, 
but not identical, results are obtained at other fluences ranging between 66 
cai/cra2 and 488 cal/ck2. The beat agreement with experimental data is ob- 
tained at an angle of incidence between the 2 values presented. 

3.10.1.6 Atmospheric Focusing Cone 

An alternate drift chamber, the atmospheric focusing cone, is available for 
use in the high-impedance diode electron-beam mode. Both the cone and the 18.1-cm 
(7.1?5-in.) dia. cylinder are operated at atmospheric pressure. Therefore, the 
experiment is not rubjected to a vacuum environment. However, control over the 
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exposure level and spatial distribution of the beam is limited to physical 
positioning of the sample. 

Measurements of center line fluence as a function of calorimeter distance 
from the end of the focusing cone are presented in Figure 3-145. The data points 
are a composite of results obtained during several series of pulses using differ- 
ent calorimeters. Figure 3-146 illustrates radial fluence profiles at various 
distances into the cylinder. These plots were generated during a single continu- 
ous series. 

3.10.1.7 Energy Deposition with Focusing Cone 

Energy-deposition profile, for the HERMES II electron-beam using the focusing 
cone were determined using in erferometer techniques. Figure 3-147 compares 
interferometer-measured and cal. lated dose-depth relationships at an effective 
angle of incidence of 30 degrees in quarts and tungsten carbide. The apparent 
discrepancy in effective angle of incidsnce between Figures 3-144 at:d 3-147 can 
be explained by noting that particle trajectories produced by neutrsl-gas focus- 
iu 2 are complex, curved paths with strong dependence on position relative to the 
pin h and geometry of the drift chamber. 
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3.10.1.8 Environment Measurement Errors 

The accuracy of Che calorimeters used in HERMES II measurenents is estimated 
at ±20%. Values from V and I output waveforms are accurate within about ±15% 
and ±10%, respectively. Reproducibility of both monitors is estimated to be 
within 5%. 

3.10.1.9 X-Ray Mode Environment 

Total Dose and ISOdOSe Contours. The total dose per pulse and isodose con- 
tours in the exposure volume may be modified by altering numerous machine param- 
eters, such as charge V, anode-cathode gap spacing and Blumlein oil (BOG) switch 
setting, but the desired outputs usually can be achieved by appropriate selection 
cf the exposure location without altering the standard machine configuration. 

The data presented in this section, taken at standard values for electrical 
and mechanical parameters of HERMES II, are as follows: 

1. Maximum charge V 70 fcV 

2. Anode-cathode gap 28.5 cm 

3. BOG spacing 22.9 cm 

4. Post-pulse-swi?1 :h spacing 9.4 cm. 

This is the highest reliable level of machine operation at the present stage of 
development. 

Figure 3-148 presents the total x-ray dose per pulse along the tube axis as 
a function of distance from the snode faceplate. Approximate 1/R^ dependence 
can ts obsarved at distances in excess of 50 cm. 

The exposure pattern of HERMES II has been shown to have good azimuthal sym- 
metry. Transverse profiles of the total dose per pulse at several axial locations 
are illustrated in Figu-a 3-149. The experiment position at 7 cm from the anode, 
with a high and nearly uniform total dose over an area of 400 cor, is a fre- 
quently used location. 

Figure 3-150 combines the on-axis and transverse dose mappings into a set of 
isodose contours for the HERMES II exposure volume. Relative doses in this figure 
are normalized to unity at the beam center line on the anode faceplate. The 
isodose-par-pulse contours for FKRMES II have been established by dose measure- 
ments using Ag3P<>4 and Co glass dosimeters and Ca?2 TLBs. The TLDs are 
calibrated in rad(Si), whereas the glasses have been calibrated in rads to the 
particular »lass, using the Sandia Gamma Irradiation Facility Co-60 source. 
Results were interpreted b, the Sandia Laboratories Dosimetry Laboratory. The 
accuracy and reproducibility of the particular dosimetric systems in use are 
estimated at ±15% or better, depending upon the detector redundance employed. 

Output Waveform and Dcse Rata. Dose rate as e f»mction of time has been 
measured using photodiodes, Compton diodes, and PIN semiconductor detectors at 
various positions in the experimental volume. The majority of data lead to the 
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conclusion that pulse shape is independent of position and dose. A reproduction 
of the Compton diode output signal is shown in Figure 3-139. Full pulse width at 
half-maximum rate is 50 ns ± 5 ns. 

X-Ray Spectrum. A magnetic Compton spectrometer, designed to measure the 
y-ray spectrum from intense pulsed sources in the presence of y-rays, elec- 
trons and/or neutrons, has been used to characterize the HERMES II bremsstrahlung 
environment. The measured results at 2 values of charging V are shown as smooth 
curves in Figure 3-151, Shown also in the figure for comparison are the semi- 
empirical spectra, normalized to the y-spectrometer results, obtained from the 
ETRAN-15 Monte Carlo code using an electron spectrum derived from tube I-V data 
and a 1-dimensional approximation for the Ta anode. 

Pinched-Beam X-Ray Mode. The pinched-beam, or enhanced bremsstrahlung x-ray 
mode of HERMES II operation was developed to generate bremsstrahlung x-rays from 
a self-focused HERMES electron-beam rather than from the diffuse distribution at 
the anode of the high-impedance diode. In this way, higher dose and dose-rate 
capabilities could be achieved at the expense of total beam energy. 

The pinched beam provides a maximum dose of 3 x 10-> rad(Si) and a dose 
rate of 6 x 10**- rad(Si)/s. This represents an increase in dose by a factor 
of 5 over the peak capabilities of the high-impedance diode x-ray mode. 

Total Dose. Total dose per pulse along the beam axis versus distance from 
the composite anode is presented in Figure 3-152. Approximate 1/R2 dependence 
can be observed at distances in excess of 20 cm. 

Transverse profiles, generated by averaging 2 pulses with off-axis measure- 
ments in four directions, are illustrated in Figure 3-153. 

Figure 3-154 combines the on-axis and transverse dose mappings into a set of 
isodose contours for the enhanced bremsstrahlung x-ray environment. Relative 
doses in this figure are normalized to unity at the beam center line on the anode 
plane. At distances exceeding 20 cm from the anode plane and within an angle of 
approximately 80 degrees, symmetric about the center line, the exposure pattern 
closely resembles that of a point source. 

Data for these figures were obtained with CaF2 TLDs, calibrated in rad(Si) 
on a Co-60 irradiation source. Estimated accuracy and reproducibility of these 
measurements is ±15Z. 

Dose rate as a function of time measured during a KERMES II pinched-beam 
x-ray mode operation, using a Compton diode detector, is similar to that of the 
standard x-ray mode shown in Figure 3-139. 

Environment Measurement Errors. HBRHSS II x-ray doaimetry measurements are 
capable of an accuracy and reproducibility of within ±10%. 
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Figure 3-154.    Enhanced bremsstrahlung mode 
isodose contours. 

3.10.2   REBA 

The REBA is a high-energy, pulsed, field-emission electron-beam or breas- 
strahlung x-ray source. It was designed and constructed by Sandia Laboratories 
to provide an energy source of short duration for determining material responses 
to rapid surface and in-depth energy deposition. The principal components of REBA 
are a Marx generator, a Blumlein transmies ion line, and an output tube. Stored 
low-V energy is converted to high-V energy by ehe Marx generator and then trans- 
ferred to the Blumlein transmission lius, which serves as a fast-discharge, 
pulse-forming, low-inductance energy source for the output tube. 

The Marx generator consists of a bank of capacitors which are charged in 
parallel and discharged in series by means of spark-gap switches. TV; negative-V 
output of the Marx generator is placed on the coaxial Blumlein transmission line 
which consists of 3 concentric cylinders. The '/-pulse formed by the Blumlein is 
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impressed across the tube diode which consists of an insulating and vacuum- 
holding structure, a field-emission cathode, and an anode. 

The anode used for the. electron-beam mode of operation is a thin low-Z target 
which allows passage of the electrons with minimal energy less. For the x-ray 
mode of operation, the anode used is a thick high-Z target, selected for maximum 
efficiency in converting electron-beam energy into bremsStrahlung x-radiation. 
Three electron-oeam modes, high-impedance, low-impedance, and long pulse, each 
with its own unique set of environmental characteristics, are currently opera- 
tional. In this section, the principal features of each environment are 
identified. 

3.10.2.1 Performance Characteristics 

The following is a list of REBA performance characteristics: 

1. Marx Generator 

a. Charging V 

b. Repetition rate 

c. Energy stored 
(maximum 100-kV charge) 

2. Diode 

a. Peak diode V 

b. Peak diode I 

c. Total beam energy 

3. Electron-Beam Environment 

a. Transported beam energy 

b. Peak beam fluence 

c. Pulse width (FVHN) 

4. X-Ray Environment 

a. Peak dose/pulse (at anode) 

b. Peak dose rate (at anode) 

c. Pulae width (FWHM) 

3.10.2.2 Current Waveform and Distribution 

70 kV 

6 pulses/hr 

95 kJ 

3.2 MV 

40 kA 

10 kJ 

6.7 kJ 
2 

400 cal/cm 

70 ns 

1.8 x 104 rad(Si) 

2.6 x 1012 rad(Si )/s 

70 ns. 

Figure 3-155 present« the beam-power-versus-time waveforms, calculated fron 
tube V and I measurements, and vermalized to unit peaV.. The pulse width at half- 
power points is 60 ns and is estimated to have an accuracy of ±20Z. This curve 
is considered to be representative of the waveform at the experiment location. 

The beam geometry of REBA is highly dependent upon the pressure in the drift 
chamber. A compact fa-adoy-cup array has been used to measure the tima develop- 
ment of the spatial distribution in a 10-in. (25.4-cm) dia. drift tube at air 
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Normalized Units 

20 ns/div 

Figure 3-155. Beam power output waveform. 

pressures of 22.5 torr, 3.9 torr, and 520, 320, 160, and 90 um. Contour maps 
constructed from these data display the formation and decay of the pinch struc- 
ture. Figure 3-156 shows profiles of constant I density (A/cm^) during time oi 
maximum pinching for a 3-MeV beam propagating in a drift tube filled with air at 
22.5 torr. The primary I in the drift tube was J%0 kA and the net I was J22.5 
kA. The beam is essentially symmetric about the axis. 

Figure 3-157 is a typical result of beam-profile measurements at the normal 
experiment location 'or several values of pressure, using e pressure cone (de- 
scribed later). Except for this variable pressure, machine configuration and 
operating conditions were held fixed at nominal values during the measurement. 
Exit ccne pressure was maintained at ambient during this diagnostic experiment. 
Increasing rear cone pressure clearly depresses peak values of the incident flu- 
ence, approaching a nearly uniform distribution of 40 to 50 cal/cnr at atmos- 
pheric pressure. 

The data for Figure 3-157 were obtained with the segmented graphite total- 
stopping calorimeter and have an estimated accuracy of ±ISX. Total beam energy 
is the surface integral of the incident fluen.ee profile. 

3.10.2.3 Repetition Rate and Pulse Reproducibility 

The Marx generator pulse repetition rate is nominally 6 pulsed/hr, which must 
be shared between the REHYD machine and REBA. Operating experience has indicated 
the following standard deviations within a continuous series of nominally iden- 
tical REBA rtigh-impedance diode electron-beam p.lsej: 

1. Tube V ± 5% 

2. Tube i t  5Z 

3. Total beam energy ±10X 

4. Peak fluence ±20% 

Pulse delay and pulse jitter are highly sensitive to machine conditions. 
While these quantities are relatively stable over a series of pulses, the effect 
of modifications in configuration cannot be predicted. During most of the opera- 
ting history of REBA, the pulse delay has been 5 to 1? us with a jitter of 
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±2 ys. Pulse delay times of up to 25 us have been observed at times. Pulse 
delay is measured from the occurrence of the Marx generator trigger signal to 
time of peak value of the anode-cathode gap I. Pulse jitter is given as the 
maximum observed variation from the mean in pulse delay. 

3.10.2.4 Electrical Noise 

Peak electric fields of 4.6 kV/m were detected during a REBA firing. In addi- 
tion, 6.6-kV/ra fields were found during HERMES II operations and "5,7-kV/a fields 
caused by REHYD pulse. 

RG/22 B/U- and RG/214-type cables are used for data acquisition. Thes<? 
cables are shielded with steel conduit to within 30 it of REBA, and then are 
carried through flexible um metal which carries the remainder of the cable to 
the experiment. This shielding system enables gathering zero-time data that is 
of the order of 100 mV in magnitude. 

3.10.2.5 Diagnostic Techniques 

Electron-beam energy-fluence measurements, including beam profile and charac- 
teristic deposition curves, are obtained using planar- and linear-array calorim- 
eters, respectively. The outputs of these calorimeters are fed into the Sandia 
Data Acquisition and Display System (DADS) and reduced data are returned in the 
form of scope displays and teletype tabulations. V and I waveforms are sanpled 
by monitor resistors and are also digitized through the use of the DADS facility. 
Other monitors, such as Rogowski coils and capacitative V monitors, have been 
used to determine machine output characteristics. 

X-ray dose measurements are currently determined by CaF2 (Mn-activated) 
TLDs. The Sandia Gamma Irradiation Facility Co-60 source is used for calibration. 

3.10.2.6 Electron-iteam Mode Environment 

Hiqh-Impedance Diode. The high-impedance dioüe is the original design con- 
figuration of the REBA facility ani, operated in the electron-beam mode, consti- 
tutes the majority of machine experience. 

The drift cone is divided by a thin film into 2 chambers in which gas pres- 
sure can be individually controlled. The typical exposure geometry has the sample 
located at the 16.6-cm* area near the pressure-cone exit. The environment at 
this location is virtually independent of pressure in the exit cone, which is, 
therefore, normally operated at 620 torr (ambr'ent). Rear-cone pressure is ad- 
justed to achieve the desired beam characteristics. The pressure cone is avail- 
able at the facility. Sample chambers of special design must be provided by the 
experimenter. 

The nominal operating characteristics for the high-impedance configuration 
are: 
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1. Marx Generator 

a. Charging V 

b. Repetition rate 

2. Diode 

a. Peak diode V 

b. Peak diode I 

c. Total beam energy 

d. Impedance 

3. Target Electron Beam Environment 

a. Transported beam energy 

b. Peak fluence 

c. Pulse width 

70 kV 

6 pulses/hr 

3.2 MV 

40 kA 

10 kJ (2390 cal) 

65 to 70 ohms 

1,600 cal 
2 

400 cal/cm 

70 ns 

Most parameters of this configuration can be adjusted within certain limits, if 
necessary, but additional diagnostic time must be scheduled when nonstandard 
conditions are desired. 

Optional rectangular and cylindrical drift chambers are also available for 
the high-impedance diode electron-beam «ode. 

/ 
Total Beam Energy. The total ^»eam energy produced by the high-impedance 

diode at normal operating parameters is approximately 10 kJ (2,390 cal), but a 
significant fraction may be let in focusing, depending on the experiment loca- 
tion. Transport efficiency ?S'd spatial distribution of the beam at the target 
are primarily dependent UP^U the rear-cone pressure and are virtually independent 
of gas pressure in the ixit cone. All data shown were taken at atmospheric pres- 
sure in the exit cone. 

At normal tube operating V and I, the total beam energy available at the 
drift cone exit is plotted as a function of rear cone pressure in Figure 3-158. 

Figure 3-159 presents the variation of average fluence over a 2.3-cm^ area 
OR the beam center line with rear-chamber pressure. Again, the diode is operating 
at nominal condition?. These data were obtained using segmented graphite total- 
stopping calorimeters. Estimated accuracy of these measurements is ±15Z. 

Electron Energy Spectrum. Electron energy spectra information is generally 
obtained from time-synchronised V and I traces. At Sandia, digitized values of 
the tube I and V, plus the drift cone exit I, are processed in a 3-parameter 
fitting program, taking proper account of tube inductance. Spectral results 
obtained by this method are used to calculate energy-deposition profiles and 
photon spectra, which exhibit good agreement with measured data. The technique 
is estimated to be accurate to ±25% nominally. 
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Figure 3-160 illustrates the REBA differential energy spectrum, normalized 
to 1 electron. The information was generated according to the technique briefly 
described above. 

Energy Deposition. Energy-deposition profiles in REBA hnve been determined 
experimentally using linear-array calorimeters and a variety of other techniques. 
In addition, deposition profiles can be calculated from the 1-V derived spectrum 
in conjunction with an electron transport code. Figures 3-161 and 3-162 compare 
measured deposition profiles, normalized to 1 cal/cm^ in Fe and Mo, at nominal 
tube operating conditions, with code predictions for an average angle of inci- 
dence of 15 degrees. Another set of experimental data in C indicates the energy 
deposition is essentially independant of the incident-fluence level and, thus, 
independent of rear-cone pressure or position in the beam. The close agreement 
of experiment and theory tends to confirm the spectral prediction technique and 
to demonstrate the ability to calculate deposition profiles in other materials. 

Low-Impedance Diode with Axial Magnetic Field. The low-impedance diode in 
REBA provides the capability for generating beam characteristics which maximize 
near-surface energy deposition in material samples. To accomplish this objective, 
tube V and electron energies below the initial design values, as well as in- 
creased diode I are required. These operating parameter changes are realized by 
inserting a low-impedance diode, which has a smaller overall length, larger 
cathode shank diameter, and close spacing between the cathode tip and anode. 
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This configuration also allows external application of an axial magnetic 
(Bz) field in the anode-cathode region and drift tube to propagate the beam 
away fron the tube face efficiently, to increase the fluence by magnetic com- 
pression, end to improve pulse reproducibility. 

We muse emphasize that the REBA facility does not provide the drift tube, the 
guide field solenoid of the magnetic compression coils. These components must be 
designed and fabricated by the experimenter to fulfill his requirements. The REBA 
staff will consult in the design to ensure mechanical compatibility with existing 
hardware and electrical compatibility with the capacitive energy bank for pulsing 
magnetic-field coils. 

The principal variables of the low-impedance diode are the magnetic compres- 
sion ratio, M, and the magnetic field strength at the anode, BQ. The nominal 
operating characteristics obtained with this low-impedance-diode/drift-region 
configuration are: 

1. Marx Generator 

a. Charging V 

2. Diode 

a. Peak diode V 

b. Peak diode I 

c. Total beam energy 

d. Repetition rate 

3. Target Electron-Beam Environment 

a. Magnetic bottle ratio 

b. Transported beam energy 

c. Peak fluence 

d. Pulse width 

70 kV 

1 MV 

100 kA 

8 kJ (1,900 cal) 

1 pulse/hr 

1 to 5 

1,600 to 1,900 cal 

>500 cal/cm2 

70 ns 

Low-Impedance Diode Output Waveform. Figure 3-163 presents beam pows»- versus 
time waveforms calculated by using tube V and I traces. The peak output, normal- 
ised to unity in the figure, was 0.13 TW. The pulse width is approximately 55 ns 
between half-power points with the Bg sensor and slightly narrower, 50 ns, 
using the Rogowski coil I measurement. Estimated accuracy of these determinations 
is ±10X. 

Conditions of the pulse used in the illustrations of this section consisted 
of a 2.5-cm cathode tip with an anode-cathode spacing of 0.8 cm. 

Low-Inyedance Diode Electron Energy Spectrum. The REBA low-impedance diode 
electron energy spectrum is generally obtained from time-synchronised V and I 
traces. Digitized values of the tube V and I are processed, taking proper account 
of tube inductance. The differential energy spectrum of a sample low-impedance 
diode electron-beam pulsed operation, normalised to 1 electron, is illustrated 
in Figure 3-164. 

3-183 



1.0 

0.8 

0.6 

0.4 

0.2 

0 

1     1     1 l       ( 

- EL Sensor 

II 

Rogowski 
Measurements 

— 
b h 
j t 
(i 
11 

\                      ~ 

— ii \                                         "■ 

/1 
/1 
/1 
11 

l    (^       1 

\ i            - 

(50-100 -50  0  50  100 150 

Time (ns) 

Figure 3-163. Low-impedance diode power 
output waveform. 

E 
3 

IU 1 1     1     II     i I     1 r 
t_«-— ■mm 

*>   C 
o o 
O)  u 8 — 
Q.+J 
l/>   O 

<U *■ 

>><- 
cn a» 
»- "»«» 6 ■" 

a> >■ 
«=   OJ _ 

IJJSC V- 

^^ 
r—   «/> 
•O   C 4 - 

•«-   O 
*J  u _ 
c ♦* r~—i O) u n 1-  01 2 - 
a« #-- i—» 
v- a* ■ J     LJ 
«4-*-- 

•r* 1  o °( • •     i     i     i     i »     t t 
D .2         .4         .6 .8 1. 

Energy (Me V) 

Figure 3-164. Low-impedance diode electron 
energy spectrum (with BQ sensor), 

3-184 



Lonq-Pulse Electron-Eeam Mode. Pulse forming for the long-pulse electron- 
beam mode of REBA is accomplished by eliminating intermediate energy storage in 
the Blumlein transmission line and impressing the Marx generator output V di- 
rectly across the diode. Output-pulse V, therefore, approximately follows the 
slow-ramp-function increase, which is characteristic of the Marx generator and 
the tube impedance. 

The drift chamber currently available for use is a cylindrical tube approxi- 
mately 48 cm in length and 29.9 cm I.D. Beam propagation is aided by drift-tube 
evacuation and application of an axial magnetic field. The B-field strength is 
used as a primary control on fluence. 

The Marx generator charging V for long-pulse-mode operation if nominally 90 
kV. Peak diode V in the range of 1.5 to 2.2 MV are observed, with full width at 
half-maximum voltage of 0.5 to 0.8 ]is. Peak currents are of the order of 20 kA, 
and the pulse width at haIf-maximum current is approximately 0.7 us. 

The system now operates with total beam energies of 6,000 to 10,000 cal 
delivered to a calorimeter located 40 cm from the anode. Energy conversion effi- 
ciencies of 35 to 502 of the Marx stored energy have been realized. The measured 
beam energy fluences range from 100 cal/cra? to approximately 400 cal/cm^, 
depending primarily upon the strength of the external axial magnetic field and 
the cathode-emission area. 

Experimenters interested in using the long-pulse mode should obtain the 
latest data from the REBA staff. 

Environment Measurement Errors. The accuracy of calorimeters used in REBA 
measurements is estimated at ±202. V waveforms from resistive/capacitive divi- 
ders are accurate to about ±152. The I waveform measured by a BQ sensor or 
Rogowski coil mounted in the anode chamber is accurate to about ±102. Repro- 
ducibility of these monitors is estimated to be within 52. 

3.10.2.7 X-Ray Mode Environment 

The REBA facility has pulsed bremsStrahlung output characteristics which are 
useful for many radiation effects experiments. There are currently 3 bremsstrah- 
lung modes with sufficient history and adequate definition to be considered 
operational: (1) large area irradiation with the high-impedance diode, (2) long 
pulse, and (3) diode internal pinch. In this section, the dose and dose rate 
capabilities of these modes are summarized to enable a potential experimenter to 
determine the usefulness of REBA in his proposed application. 

High-Impedance Diode Doss Maps and Beam Profiles. Figure 3-165 presents the 
total x-«ray dose/pulse at measurement positions along the tube axis as a function 
of distance from the anode. Approximately 1/R* dependence can be observed at 
distances in excess of 15 cm. Off-axis determinations of photon dose at 0, 25, 
50, and 75 cm from the anode surface are depicted in Figure 3-166. It is observed 
that, at all distances shown, beam uniformity norwal to the tube axis is reason- 
ably good over an area of approximately 80 cm?. Large-scale transverse profiles 
are shown in Figure 3-167. The measurements exhibited good azirauthal symmetry of 
the exposure pattern. 
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Output Waveform and Dose Rate. Photon-dose-race measurements were obtained 
using a 25-um thick PIN detector of area 25 mrn^, and were photographically 
recorded from the oscilloscope trace. The detector was located at a sufficient 
distance from the machine to assure linear response. No evidence exists to expect 
any substantial pulse shape difference as a function of position in the test 
cell. Figure 3-168 is a reproduction of the PIN-detector output signal obtained 
during a REBA operation, normalized to a peak dose rate of unity. Pulse width at 
half-maximum dose rate is approximately 50 ns. 

X-Ray Spectrum. The photon energy spectrum of the high-impedance diode x-ray 
output has not been measured. However, a calculated spectrum is illustrated in 
Figure 3-169. A computation of a photon energy spectrum was performed using an 
electron energy spectrum, determined from digitized tube V and I waveforms. Elec- 
tron transport and photon generation in the anode materials were simulated using 
the 1-diraensional Monte Carlo code. 

Long-Pulse X-Ray Mode. Potential applications for a pulse width of the order 
of 1 us, with a limited dose rate, could utilize the long-pulse x-ray mode of 
operation. The diode V and I waveforms of a long-pulse operation are illustrated 
in Figure 3-170. These h^.ve been combined acording to the computer program tech- 
niques, which correct for the tube inductive effects to determine the beam power 
plot shown in Figure 3-171. Note that the full pulse width at half-maximum beam 
power is approximately 440 ns. 

Time (ns) 

Figure 3-168. Photon dose rate versus time. 
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X-ray output measurements were taken at the anode plane and at locations 14.6 
cm from the fnceplate. Figure 3-172(a) is a PIN diode output signal from a moni- 
tor on the beam center line at the anode plane. The total dose obtained at this 
point as 2.5 x 10^ rad(Si), corresponding to a peak dose rate of approxi- 
mately 7.0 x 10*" rad(Si)/s. Figure 3-172(b) presents similar results for the 
exposure position on the beam axis, 14.6 cm from the anode. The total dose was 
2.8 x 10^ rad(Si). Several repetitions of '-.he measurement have been taken at 
the second position, with results ranging from 1,3 x 10 ^ to 2.8 :; 10-^ 
rad(Si). Total dose, measured 5 cm off center line at the 14.6-cm location, indi- 
cates an integrated exposure which is approximately the same as that on-axis. 

Experimenters interested in using the long pulse should consult the REBA 
staff for the current status. 

Internal Pinched-Beam X-Ray Mode. The REBA internal pinched-beam x-ray mode 
is obtained by employing a bremsstrahlung converter within the low-impedance 
diode. 

A summary of internal pinched-beam x-ray mode data is presented in Table 
3-16. The converter, denoted as 0.5-in. tungsten carbide, is a total-stopping 
graphite plate in which a 1.27-cm dia. tungsten carbide disk is embedded. The 
0.25-in. tungsten carbide target is similar, except that the >.ungsten carbide 
disk is only 0.64 cm in dia. The standard 0.051-cm Ti converter is the third 
target denoted in the summary. Reproductions of typical Compton diode output 
waveforms, normalized to unity peak, are illustrated for 2 of these converters 
in Figure 3-173. 

Using the tungsten carbide/graphite converter in this mode will provide a 
nearly point source, and it has oeen used in radiography experiments. Total dose/ 
pulse is of the same order as the high-impedance mode. However, because of the 
narrow pulse shape, of the order of 25 ns, peak dose rate is approximately 8 x 
10^ rad/s. The spectrum will be softer than that of the high-impedance diode 
x-ray mode because of the lower Vtujje. 

With a Ta converter, the total dose in the internal pinched-beam mode is 
smaller than that available from the high-impedance diode, and dose rates are 
approximately the same. The photon spectrum for this arrangement is illustrated 
in Figure 3-174. 

Environment Measurement Errors. Data shown in Figures 3-165 and 3-167 were 
taken with CaF2 TLD-400 TLDs. The dosimeters are calibrated in rad(Si) using 
the Sandia Gamma Irradiation Facility, a Co-60 source. Reported measurements for 
Figure 3-166 were obtained with LiF TLDs, calibrated on the Co-60 source. Uncer- 
tainty in the absolute total dose is approximately *10X. 

Operating experience has indicated the following standard deviations within 
a continuous series of nominally identical REBA high-impedance diode x-ray 
pulses: 
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Figure 3-172. Long-pulse photon dose rate versus time. 
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1. Tube V ±5% 

2. Tube I ±5% 

3. Total doss/pulse    ±20% 

There may be additional variance between 2 nominally identical series which 
are separated by changes of machine configuration, or an extended time interval. 

"10.3 REHYD 

The north side of the REBA Facility was modified to accommodate a low- 
impedance water transmission line. For reference and operation identification, 
the modified line is known as REHYD. REHYD is a high-energy, pulsed, field- 
emission bremsstrahlung x-ray source which also can be operated as an electron- 
beam generator. It was designed and constructed by Sandia Laboratories to provide 
an energy source of short duration for x-ray exposure of weapon systems and com- 
ponents, and for determining material responses to rapid energy deposition. The 
principal components of REHYD are a Marx generator, a water-insulated transmis- 
sion line, and an output tube. Stored low-V energy is converted to high-V energy 
by the Marx generator and then transferred to the transmission line, which serves 
as a fast-discharge, pulse-forming, low-inductance energy source for the output 
tube. 

The Marx generator consists of a bank of capacitors which are charged in par- 
allel and discharged in series by me?ns of spark gap switches. The negative-V 
output of the Marx generator is placed on the coaxial transmission line consist- 
ing of an energy-storage section, a self-breakdown main switch, a prepulse 
switch, and a pulse-forming line. The V pulse formed by the transmission line is 
impressed across the tube diode which consists of an insulating and vacuum- 
holding structure, a field-emission cathode, and an anode. 

For the electron-beam mode of operation, the anode used is a thin low-Z 
target which allows passage of electrons with minimal energy loss. External 
magnetic-beam compression is generally utilized to focus the extracted electron 
beam for maximum energy deposition into a specific test specimen. The anode con- 
verter assemblies used for the x-ray mode of operation are thick high-Z targets 
selected for maximum efficiency in converting electron-beam energy into brems- 
strahlung x-radiation. 

3.10.3.1 Performance Characteristics 

Performance characteristics of REHYD are as follows; 

1. Marx Generator 

a. Charging V 85 to 90 kV 

b. Repetition rate 1 pulse/2 hr 

c. Energy stored 
(maximum 100-kV charge) 95 kJ 
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2. Diode 

a. Peak diode V 

b. Peak diode I 

c. Total beam energy 

3. Electron-Beam Environment 

a. Transported beam energy 

b. Peak beam power 

c. Pulse width (FWHM) 

4. X-Ray Environment 

a. Peak dose/pulse 

b. Pulse width (FWHM) 

1.3 MV 

300 to 600 kA 

36 kj 

20 to 25 kJ 

0.4 TW 

80 ns 

7 cal/gra in 1-mil Au 

80 ns 

Output Waveform. Figure 3-175 is a reproduction of a PIN dir.de output signal 
obtained during a REHYD pulse. Because the shape is independent of position and 
V level, an arbitrary scale has been used on the ordinate. The REHYD diode- 
cathode configuration is usually adjusted to obtain maximum integrated area under 
the curve, which in turn produces maximum energy deposition. The FWHM dose rate 
is approximately 80 ns. Estimated accuracy of the value is ±5 ns. 

Electrical Noise. RF interference measurements were made in the vicinity of 
the REHYD experimenter area. Peak electric fields of 5.7 kV/m are detected during 
a REHYD firing. However, proper use of available screen rooms and instrument 
vans, and shielding of the experiment and signal cables significantly reduce the 
RF interference to an acceptable level. Shielding systems enable gathering of 
zero-time data that are of the order of 100 mV in magnitude. 

Diagnostic Techniques. The electron-beam energy fluency measurements are 
obtained by using total-stopping graphite calorimeters. One-mil gold discs in 
the vicinity of the target are used for x-ray measurements. V and I traces are 
sampled by Bg or Rogowski coils and displayed on oscilloscopes. TLD-400 (CaF 

0  40  80 120 160 200 240 

TIME (ns) 

Figure 3-175. REHYD PIN diode pulse shape. 
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and LiF) TLDs are used for measurement of bremsStrahlung output. The Sandia Gamma 
Irradiation Facility, a Co-60 source, is used for calibration purposes. Time- 
dependent x-ray measurements are made by using PIN detectors. 

3.10.3.2 Electron-Beam Mode Environment 

Electron-Beam Energy Spectrum. Electron energy spectra are generally ob- 
tained from time-synchronized V and I data which are processed through a transi- 
ent digitizer and computer system. A hard copy is produced for every shot. Figure 
3-176 illustrates the REHYD differential energy spectrum drawn from Shot #2009. 

Total Beam Energy. The total beam energy is derived from a plot of the inte- 
gral of the generated power curve in W/s and by applying the proper conversion 
factor to obtain the energy in joules. Figure 3-177 represents a typical energy 
plot redrawn from a computer hard copy. 

Repetition Rate and Reprodlicibility. Pulse repetition is 1 shot in 2 hr, 
because of diode cleaning and target replacement. The standard deviation in dose/ 
pulse is 15%, with a maximum deviation of approximately 25% from the mean. Pulse 
delay and pulse jitter are nominally 6 us and 100 ns, respectively. Pulse delay 
is measured from the occurrence of the Marx generator trigger signal to time of 
peak value of the anode-cathode gap I. Pulse jitter is given as the maximum var- 
iation from the mean in pulse delay. 

Beam Geometry. The spatial distribution of energy within the REHYD is a 
function of the cathode-diode, drift chamber size, and configuration. Figure 
3-177 was obtained using an exposure area of 9 cm2. Other configurations are 
available with exposure areas ranging from 0.3 cm2 to 35.8 cm2. Calorimetric 
measurements are made prior to, and/or during, each shot. 

environment Measurement Errors. The accuracy of the calorimeter used in 
REHYD measurements is estimated at ±20%. Values from V and I output waveforms 
are accurate to ±7%. Reproducibility of both monitors is estimated to be 
within 5%. 

3.10.3.3 X-Ray Mode Environment 

X-Ray Converter Assemblies and Diode Configuration. Composite assemblies of 
high-Z materials, such as Ta, along with graphite and kevlar which serve as ab- 
sorbers and debris catchers, are used to convert the electrons into bremsstrah- 
lung x-radiation. Performance characteristics with a Mod II diode, drift chamber, 
Bz coil, and a 9-cns2 exposure 
compression ratio was 2*. 1. 

area are shown in Table 3-17. The magnetic 

Photon Energy Spectrum. Monte Carlo calculation techniques were used to 
generate the bremsStrahlung energy spectrum (Figure 3-178) using as input an 
electron energy spectrum determined from traces of diode I and V. For these cal- 
culations, the peak anode-cathode gap V was assumed to be 1.0 MV, and peak I was 
assumed tc be 325 kA. As a low-resolution check on the spectral data, the ratio 
of dose (]-mil Au) to dos» (LiF TLD-400) was calculated to be 15, which is in 
reasonably good agreement with the measured value of 13. Additional spectral 
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Table 3-17.    REHYD performance characteristics with MOD II diode 
configuration and advanced converter assembly. 

Diode 
Design 

"max 
(MV) 

I 
(MA) 

Atp 

(ns) (kJ) 
Dose, max 
(cal/g) 

A^brem 
(ns) 

Exposure 
Area 
(cm2) 

Mod II 1.2 0.30 170 20-25 90 

3.28 

0.28 

0.24 

T—I    I   I   | T '      '  '      I lilt i        i      i     l   i   i   11 

0.20 • 

JS   0.16 

2 
1 

0.12 

0.08 

0.04 

PEAK A-K GAP VOLTAGE: 1.0 MV 
PEAK CURRENT: 325 kA 

Ol I I I I I 1  I I I ■ I 
O.OCS     0,01 o.os   o.i 

Photon Efitrjy (McV) 

Figure 3-178. Calculated REHYD photon energy spectrum for Shot No. 282. 



data were obtained with filter-fluorescence measurements, and comparisons of 
these measured spectra with theoretical results are shown in Figures 3-179 and 
3-180. 

Environment Measurement Errors. The accuracy and reproducibility of REHYD 

x-ray dosimetry measurements (1-mil Au) within an environment range of 0.25 to 
10 cal are ±5%. 

3.10.4 Experimental Facilities 

3.10.4.1 Location 

HERMES II, REBA, and REHYD occupy Building 6596 in Sandia Laboratories Tech- 
nical Area V. A map of the area, which is located approximately 8 km (5 mi.) 
south of the main technical area, is given in Figure 3-181. 

3.10.4.2 HERMES II Test Area 

Figure 3-182 shows the physical layout and dimensions of that section of the 
building containing the HERMES facility. Also shown is an area south of the 
building where a user can place his own instrumentation vans. Entry into the 
facility xs provided by the 3.88-m-wide by 6.1-m-high (12.75-ft by 20-ft) door 
into the test cell or by the 3.6-m-wide by 6.1-m-high (12-ft by 20-ft) roll-up 
door on the south side of the building. The screen room next to the shield wall 
is for the experimenter's use. 

When HERMES is pulsed, no one is permitted beyond the sliding gate; users 
will normally remain in the experimenter's area, outlined by a dashed line in 
Figure 3-182. 

3.10.4.3 HERMES II Test Cell 

A detailed plan view of the HERMES test cell is shown in Figure 1-183. The 
drawing is to scale and indicates the area available for use by the experimenter. 
Particular items of which ehe experimenter should be aware include: 

1. A metal grating platform 3 m by 7.9 m and 1.8 m above the 
floor (10 ft by 26 ft by 6 ft) occupies the entire floor 
area of the test cell. When the platform is in place, the 
beam center line is 1.66 m (5.45 ft) above the grating. 
The actual test volume measures approximately 6 m (2C ft) 
in width and 3 m (10 ft) in depth. The inset in Figure 
1-183 is an elevation drawing showing this configuration. 

2. An instrimentation cable boom, 3 m (10 ft) in length, is 
mounted on the south wall of the test cell at a height of 
2.44 ■ (8 ft) above the platform. Attached to the boom are 
two extension arms, each 1.52 m (5 ft) in length. Both the 
boom and the arms can be swiveled to various positions. 
Extending from the instrumentation boom to the cross 
plates on the arms are solid RF shieldings (conduits) 
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which terminate in flexheads. These conduits shield coax- 
ial cables that connect directly to the instrumentation 
vans outside the building. 

3. There are 3 electrical power junction boxes in the test 
cell, as indicated in Figure 1-183. Each box has 4 outlets 
providing 110-V, 1-<J> ac power. 

An overhead crane with 1,800-kg (2-ton) capacity is available to lift large 
or heavy experimental equipment within the HERMES II test cell. The facility 
normally provides any other equipment necessary for handling heavy items. 

A mobile hydraulic table, with dimensions of 1 m by 2 m, Is provided for 
positioning experiments in the HERMES test cell. The table top can be adjusted 
in height and can lift a maximum of 1,800 kg (4,000 lb). Equipment tiedown points 
are provided by numerous recesses in the concrete shield wall of the test cell 
which exposes steel reinforcing bars. 

3.10.4.4 REBA Test Area 

Figure 3-184 shows the physical layout and dimensions of that section of the 
building containing the REBA facility. The REHYD accelerator and test cell is 
shown in dashed lines. The Marx generator located between the two transmission 
lines is used to charge both machines. The screen room located under the platform 
adjacent to the Marx generator is for the experimenter's use. 

A roll-up door, 6.1 m (20 ft) high and 6.1 m (20 ft) wide, on the west side 
of the building, provides access to the REBA area. 

3.10.4.5 REBA Test Cell 

A detailed plan view of the REBA test cell is shown in Figure 3-185. The 
drawing is to scale, and indicates the area available for use by the experimen- 
ter. Particular items of which the experimenter should be aware include: 

1. The vacuum station located under the anode chamber cannot 
be moved. 

2.**An instrumentation cable boom, 2.1 m (7 ft) in length, is 
attached to the north wall of the test cell at a height 
of 2.1 m (" ft) above the floor. It is on a hinge, allow- 
ing it to be swiveled to various positions. Extending 1.5 
(5 ft) beyond the end of the boom are lengths of mu-metal 
flex shielding hose. Each contains coaxial cables and ter- 
minates in a flexhead. The flexhead mates the experiment's 
cables to those going directly to the inttrumentation 
vans. 

3. Approximately 3 a (10 ft) of multiconductor shielded 
cables enter the test cell through a port in the floor 
next to the west wall. This cable connects the cell with 
the DADS, which is used to record calorimeter data. 

3-207 



II S3WH3H 

r 

H 

--I 

LJ 

c 
0) E 
<u o 
J- o 

oo 

^ 
o 

E 

(W L) WfZ 

~,      fl I 
I 
I 

L 

I 
I 

 J. 
I 
/ 
i 
i 

(w 01) m 
**—N 

■*-> 

M- 
i. 
o 00 
+J f— 

<0 *^^ 
J- 

X 0) E 
J- C ** 
5<S 

/ 

:D 

i 
i  
I" 

J. 

IT) 
ID 

Öl 
c 

CO 

s. 
n3 

^r r^ 

üi"7T~«ürz 

o 
a 
Q. 
3 

s 
(W 02) 

=^ 

7*J o*) uirzi iq 

o 
(0 

co 

«*■ 
00 
I—I 

I 

u> 
s- 
3 

<£ 

3-208 

nun 



i 

<u 
u 

+J 

0) 

< 
CQ 
LU 

s 
aj 

c 

to 

0) 

IT) 
00 •—( 

I 
CO 

<u 
S- 

3-209 

J. 



4. There are 5 electrical power junction boxes placed on the 
shield wall at various heights above the floor. Each box 
has 4 outlets providing 110-V, l-<() ac power. 

5. Power also can be supplied to the experiment through the 
RG 214/U cable from the instrumentation van. The power 
level supplied is limited to the V and I which can be 
safely transmitted over the coaxial cable. 

6. Two 20-kV, 56-kJ capacitor banks are located on the cell 
wall; these can be operated in parallel. 

7. A compressed-air extension hose is located on the wall 
near the vacuum station. 

8. In the west wall of the cell is a rectangular port, ap- 
proximately 0.3 m by 0.6 L: (1 ft by 2 ft) in size. It is 
centered 1.66 m (65.5 in.) above the floor in the line of 
sight of the REBA beam. The port, which usually is filled 
by a concrete plug, provides visual access to an experi- 
ment during exposure. 

9. An intercom system connects the test cell with the control 
console and the instrumentation van. 

Access to the facility is through the roll-up door previously mentioned. For 
experimental equipment which is too large to fit through the test cell door, an 
overhead crane with 5,400-kg (6-ton) capacity is available to lift the apparatus 
into the test cell. The facility normally provides any other equipment necessary 
for handling heavy items. 

There are several tables available for positioning an experiment in the REBA 
beam. Equipment tiedown points are provided by numerous recesses in the concrete 
shield wall of the test cell which exposes steel reinforcing bars. 

3.10.4.6 REHYD Test Area 

The physical layout of REHYD and building access area with respect to the 
REBA facility are shown in Figure 3-184. 

3.10.4.7 REHYD Test Cell Area 

A plan view of the REHYD test cell, which is located on tne north side of 
tha REBA facility, is illustrated in Figure 3-186. 

The Marx generator, capacitor banks, control console, and an extended screen 
room are shared by both accelerators. In general, REHYD is equipped with similar 
utilities and power as described in the REBA test cell. 

3.10.5 instrumentation and Instrument Vans 

3.10.5.1 Screen Rooms and Electronics 

JN 

Walk-in screen rooms adjacent to the experimenter's areas are for use by the 
experimenter. Each has four 110-V, 1-f ac power outlets in 4 junction boxes in 
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Figure 3-186. Layout of REHYD and north radiation cell. 

the room. Electronic signals are passed between the screen room and the test 
cell by means of a wall panel containing 15 HN feedthrough bulkhead connectors. 
Also, the panel has 4 waveguides of 4 cm (1.5 in.), 5 cm (2 in.) and 10 cm (4 
in.) dia. for passing cabling through the wall. Shielded cabling, which must be 
provided by the experimenter, should be at least 18.3 m (60 ft) long to reach 
from the screen room to the HERMES test cell and 9.15 m (30 ft) long for REBA 
and REHYD. 

Specialized monitoring equipment for FXR experiments normally must be pro- 
vided by the user. A limited number of oscilloscopes are presently available (for 
use in the screen rooms) as a part of the normal facility use charge. In addi- 
tion, completely equipped Sandia Laboratories instrument vans are located adja- 
cent to Building 6596 and are available to experimenters on a supplemental con- 
tractual basis. These are described in the following paragraph. 

3.10.5.2   Instrumentation Vans 

The HERMES, REBA, and REHYD facilities are supported by instrumentation vans 
from Sandia Laboratories Field Instrumentation Department (1120). Personnel, from 
thit department set up and collect data and are available to advise the experi- 
menter on the use of the instrumentation and to offer suggestions for best util- 
isation of this capability. Use ot Che instrument vans and consultation with the 
instrumentation group is recommended. 
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The vans are connnected to the HERMES test cells by RG/214 50-ohm coaxial 
cables, RG/22B cables, and twisted-pair shielded wires. The cables are protected 
by solid RF shielding (conduit) over all but the last 1.5 ra (5 ft) in front of 
the accelerator, where triaxial cable is used instead. As an option, 5:1 cable 
equalizers (Hi-pass filters) can be placed in series with the coaxial cables to 
compensate for high-frequency signal loss. 

The following is a current list of the instrumentation and systems available 
in the vans for experiment support: 

1. Oscilloscopes* 

Manufacturer Model Sensitivity Bandwidth Qty. 

HP 183D 

Fairchild 757F 

Horizontal: 

Vertical: 

Horizontal: 

Vertical: 

2. Signal Generators 

Manufacturer   Model 

Tektronix RM 181 

EH 127 

Rutherford A12 

1 ns/div to 
50 ns/div 

0.01 V/div 
to 1 V/div 

50 ns/div 
to 2 s/div 

0.02 V/div 
to 40 V/div 

Purpose 

250 MHz 

100 MHz 

To provide time marks on 
oscilloscope traces 

EH 

LLL 

Wavetekk 144 

EECO 811 

Tektronix 109 

EG&G SG-29-A 

TRW/STL 46 

Pulse output for general use 

Multiple delay (3 pulses) 
generator 

132A      General pulse and single 
delay use 

LE9891-1M2 Pulse for triggering 
oscilloscopes 

General signal generator use 

Time code generator 

Fast risetime pulse for 
system checks 

Fiducial generator for 
correlating data 

Delay generators 

15 

17 

SU.-. 
l 

i 

l 

* These oscilloscopes are equipped with Beatty-Coleman rollback Polaroid cameras 
which can use 10,000 ASA Polaroid film. 



3. Regulated Power Supplies 

An assortment of dc power supplies is available to cover 
almost any V or I requirement the installed cables are 
rated to carry. 

4. Meters and Testers 

Manufacturer Model Purpose 

Time-interval measurement 

Qty. 

NANOFAST 536 1 

EG&G LEI 3807- -1 Direct reading cable length 
in ns 

1 

Ballantine AC-DC Precision V calibrator 1 

HP 738BR Precision V source 1 

HP 3476A Digital multimeter 1 

HP 3400A rms voltmeter 2 

HP 5233L Electronic counter 1 

5. Recorder Data Graph 

Manufacturer Model Sensitivity   Bandwidth qty. 

CEC 1-133  1 mV or greater 5 khz max.  1 each 

(14 channel) 

6. Multiplex Data Recording System 

This system consists of all the V-controlled oscillators, 
filters, amplifiers, discriminators, and tape-recording 
equipment necessary to record and playback up to 48 chan- 
nels of 20-kHz data. If a higher frequency option is de- 
sired, the system can be used to record up to 13 channels 
of 400-kHz data. 

Experimenters planning to use the multiplex system should 
coordinate their plans with the instrumentation personnel 
at least 60 days in advance of the planned experiment 
date. This will allow signal-conditioning cards to be 
built and simulation equipment adapted for dry-run system 
checkout prior to experiment arrival. 

7. Transient Digitizer System 

This pystem consist? of the following major items 

a. 11 each, Tektronix R7912 Transient Digitizers capable 
of recording single-shot transients in the 500-MHz 
frequency range (and below) 

b. 1 each, Digital Equipment Corporation PDP 11/10 com- 
puter (operating under Tektronix WDI-RT 11-02 soft- 
ware) with 32K core memory 

c. 1 each, International Memory System (dual disk memory 
with up to 2.5-megaword storage capability). 
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The data from this system are hardcopy plots and/or digi- 
tal data recorded on cassettes. 

This system is presently being used with several electron- 
beam/FXR facilities in Area V. Time constraints prevent 
sophisticated new software from being incorporated on 
short notice (unless supplied by the experimenter). Exper- 
imenters who want to process their data with special soft- 
ware should make the arrangements at least 30 days prior 
to the scheduled test date. 

Preliminary arrangements for instrumentation van services can be made through 
the Operations Supervisor in the Beam Source Applications Division. The instru- 
mentation personnel in the Simulator Instrumentation Division (1126) also may be 
contacted at (505) 264-4447. 

3.10.5.3 User-Provided Instrument Vans 

An area on the south side of Building 6596 is available if the experimenter 
wishes to provide his own shielded instrumentation trailer at the HERMES II fa- 
cility. Two Appleton AEO-10453 100-A, 220-V, 3-<J> femele power connectors are 
installed at the trailer location. Power cables should not be less than 9.1 m 
(30 ft) in length and should terminate with a compatible Appleton connector. 

Monitor cables from this trailer location to the HERMES test cell should bp 
at least 24.4 m (80 ft) in length. 

3.10.6 Timing and Sequencing 

Timing and sequencing circuits of the REBA/REHYD installations are relatively 
versatile and can be modified to meet the requirements of an experimenter if 
advance notice is provided. 

If no magnetic field is to be applied, the fire signal, a 28-V fast-rising 
pulse into a 50-ohm load, is the first occurrence. If an external field is used, 
the start operation energizes the field coils and the fire signal is automatic- 
ally sent when the field reaches proper strength, several ms later. The fire 
signal can be combined in an AND gate with an "experiment ready" signal, if 
desired. After a variable pulse delay of approximately 4 ys, the Marx generator 
begins to erect. Tube output occur approximately 1.2 ys later. 

At occurrence of the fire signal, a 28-V fast-rising pulse, several ys in 
duration, is available for use by experimenters. The pulse delay from this lead- 
ing edge is approximately 5.2 ys and jitter is of the order of several hundred 
ns. 

A pickoff from the Marx generator V monitor also can be supplied to the 
experimenter. Pulse delay from this signal is approximately 1 ys, with jitter 
of ±30 ns. 

For HERMES II, the Marx generator trigger signal is the reference time sig- 
nal. This may be used to trigger an on-hand delay generator capable of delivering 
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up to 3 timing signals from 100 ns to 1 s after reference time. A photodiode or 
Compton-diode trigger signal from the HERMES II machine output also is available. 

A pulse operation is normally initiated manually, but can be started by the 
experimenter's sequencing circuits, if necessary. This requires a fast-rising 
pulse in excess of 20 V magnitude with a duration of 5 to 7 us to be delivered 
into a 50-ohm load. If this firing pulse, which triggers the Marx generator, is 
to be provided by a user's sequencing unit, it must be initiated within 10 s 
after a verbal command from the operator. 

Other timing requirements must be arranged for by prior consultation. If the 
experimenter's procedures require a detailed time sequence, his sequencing usu- 
ally can be made to initiate the trigger signal. 

3.10.6.1    0n-Line Computer Data Collection and Processing 

The DADS has been programmed to reduce data of electron-beam energy fluence 
measurements. The system includes the EMR 6130 digital computer and a remote 
terminal in the screen room in the office area of Building 6596. 

The DADS accepts the outputs of planar and linear array calorimeters. These 
data are then reduced using a library program in the computer. The reduced data, 
which are returned in the form of oscilloscope displays and teletype tabulations, 
include beam profiles and characteristic deposition curves. 

The output of the calorimeter goes directly to the remote terminal of the 
DADS system through a previously mentioned multiconductor shielded cable. This 
cable extends into the test cell and is fitted with a 100-pin connector. Experi- 
menters may use their own calorimeters, but must check with facility personnel 
to ensure compatibility with the system. The software on DADS assumes- that a 
Chrome1-Alumel Type K standard thermocouple is being used. 

V and I waveforms are sampled by monitor resistors and are also digitized 
through the use of DADS. The user can also supply his own FORTRAN program and 
operate on the data in real time. Output is available as cathode ray tube (CRT) 
displays, or in printed form from the remote terminal in the screen room. 

The DADS is available to all experimenters, including use of the remote ter- 
minal at the accelerator facility. 

3.10.7 Support Staff 

The operating staff of an accelerator, exclusive of instrumentation person- 
nel, normally consists of 2 operators and a supervisor. These personnel will 
assist the experimenter in determining and establishing the correct experimental 
setup. This assistance includes positioning the equipment and setting up other 
necessary equipment, such as vacuum systems. Under normal circumstances, however, 
they do not provide monitoring or instrumentation services. 
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If experiments involve radioactive or toxic substances, a Sandia Laboratories 
health physicist is assigned the responsibility of regulating personnel exposures 
and ensuring that proper handling procedures are employed. 

The Sandia technical staff is available for consulting services only on a 
limited basis. 

3.10.8 Computational Facilities 

There are two computer facilities in Building 6588 available to the experi- 
menter for running FORTRAN programs. 

In addition to supporting the DADS, the EMR 6130 computer performs standard 
processing and execution of programs. This enables the experimenter to operate 
on experimental data as they are processed and digitized by the DADS. There is 
also a remote terminal in Building 6588 which gives the user access to the CDC 
6600 and CDC 7600 computers in Area I. The terminal includes a CRT display unit 
for accessing the computers, a card reader, a 136-character line printer, and an 
IBM 028 keypunch machine. Instructions for operating this equipment are provided 
at the terminal. For those who wish to submit their programs at the main comput- 
ing center, a courier makes regular deliveries to Area I. 

3.10.9 Experiment Preparation and Office Spaces 

The test cells can be used for experiment preparation when they are not 
otherwise in use and when the machine is not undergoing maintenance. Other areas 
outside of the test cells also can be used, but only when they are not being 
utilized. As a rule, space is limited and the experimenter should, as much as 
possible, have his equipment ready whei he arrives at the facility. 

3.10.10 Dosimetry 

The Sandia Laboratories Dosimetry Laboratory is available for use by all FXR 
experimenters. The laboratory uses the TLD-400 TLD as the standard dosimeter. It 
is a 0.317-cm by 0.317-em by 0.089-cm (0.125-in. by 0.125-in. by 0.035-in.) chip 
of Ca?2 (Mn-activated) which will measure doses from 1 rad(Si) up to 6 x 
10^ rad(Si). Sandia Laboratories will provide and read a limited number of 
dosimeters for the experimenter. If the experimenter needs a significant number 
of dosimeters, he should make his requirements known to the Dosimetry Laboratory 
in Building 6594. It normally requires «bout 20 min to prepare and read a dosim- 
eter series using a TLD reader. Because of this time constraint and because the 
laboratory supports several facilities, the experimenter rhould arrange a dosim- 
eter reading schedule with the Dosimetry Laboratory personnel at (505) 264-7567. 

3.10.11 Photographic Services 

The experimenter should arrange to «rake use of the services of the Photo- 
graphic md Reproduction Services Department (3170). Experimenters may also 
provide their own photographic equipment and material. Cameras and film are 
included with all Sandia oscilloscopes. 
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3.10.12 Shop Facilities 

Light machine-shop facilities, such as a grinder-buffer and a drill press, 
are available at the REBA site. The facility staff will assist the exnerimenter 
with minor machining tasks. Additional questions should be addressed to the 
Facility Supervisor. 

3.10.13 Scheduling and Contract Procedure 

Experiments should be scheduled at least 6 months in advance and a test plan 
submitted at least 30 days prior to the scheduled test date. This may be done by 
contacting the Operations Supervisor in the Beam Source Applications Division 
(5232) at (505) 264-2676 or 264-3197. At the time of scheduling, the availability 
of required monitoring equipment should be determined, the environmental condi- 
tions required by the test should be discussed, and any arrangements regarding 
the services mentioned in this section should be concluded. 

It is suggested that propsective users of the beam accelerators make a pre- 
liminary visit to the facilities to acquaint themselves with them and to gain 
first-hand information on the compatibility of experiment and machine. 

The services of HERMES II, REBA, and REHYD are available to agencies of the 
DoE and the DoD, and to private corporations having DoE or DoD contracts. Such 
use must be justified or. the basis that the selected facility provides a unique 
environment not available elsewhere, and that such use will not interfere with 
Sandia programs. 

DoE and DoD agencies or contractors desiring to use the facilities are 
required to establish a contract with the Special Programs Division of the 
Albuquerque Operations Office of the DoE. The complete mailing address is: 

Director, Special Piograms Division 
DoE 
Albuquerque Operations Office 
Albuquerque, NM 87115 

This contract should be requested only after making full technical arrangements 
with Sandia Laboratories. 

Preliminary arrangements, including technical information, schedule availa- 
bility, and procedural requirements, are made directly with the Beam Source 
Applications Division (5232) of Sandia Laboratories. The complete mailing ad- 
dress is: 

Operations Supervisor 
Bean Source Applications Division (5232) 
Sandia Laboratories 
Post Office Box 5800 
Albuquerque, NM 87115 

Telephone contact may be made by calling (505) 264-2676 or 264-3197. Following 
this contact, negotiations with the DoE, Albuquerque Operations Office, should 
begin. 
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3.10.14 Cost Information 

Preliminary cost information can be obtained from the Operations Supervisor. 
Final cost information is obtained from the Albuquerque Operations office of DoE. 

3.10.15 Security and Visitor Control 

A DoE Q clearance or DoD Secret clearance with Restricted Data certification 
is required to gain entry to the accelerator facility. Security arrangements 
should be completed at the earliest convenient time, but not less than 2 weeks 
before any preliminary visit or use of the accelerator. 

Security arrangements must be made through Sandia Laboratories at the follow- 
ing address: 

Visitor Access and Administration Section 
Division 3433-1 
Sandia Laboratories 
P.O. Box 5800 
Albuquerque, NM 87115 
Telephone: (505) 264-4494. 

3.10.16 Shipping Information 

To avoid any delays in shipment, users are urged to ship materials at least 
2 weeks in advance of the date they will be needed. Address shipments to: 

Operations Supervisor 
Beam Accelerator Facility Building 6596 
Beam Source Applications Division (5232) 
Sandia Laboratories 
P.O. Box 5800 
Albuquerque, NM 87115 
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3.11 NORTH CAROLINA STAT£ UNIVERSITY PULSERAD 
MODEL 940 ELECTRON-BEAM GENERATOR 

The IBM Pulserad Model 940, donated to North Carolina State University (NCSU) 
by IBM Corporation, will be operational around 1980. The FXR facility consists 
of a Marx generator that pulse charges a Blumlein voltage doubler that in turn 
drives the accelerator tube. Nominal peak V delivered to the tube is 6.5 MV. 

3.11.1 Test Parameters 

The Pulsrtrad Model 940 operating characteristics are: 

1. Tube V 

2. Average electron energy 

3. Total beam energy/pulse 

4. Electron-beam I 

5. Pulse width (FWHM) 

6. X-ray dose/pulse at 1 m 

7. X-ray dose at tube face 

8. Peak dose rate at 1 m 

9. Dose reproducibility 

10. Timing jitter 

6.5 MV 

3.5 MeV 

8.0 kJ 

80.0 kA 

40 ns 

200 R 

25 kR 

5.6 x 109 R/s 

±6% 

±100 ns 

These data are not definitive and are meant only as a guide. 

Total beam energy is dependent upon charging V, master switch gap setting, 
and cathode-anode configuration. It can be varied from 4 to 12 kJ. Seam geometry 
is a function of machine operation parameters, pressure in the drift chamber, and 
distance from the anode. An »»»-omatic pressure-controller allows the operator to 
preselect the beam shape, which is a cone of variable half-angle. Quantitative 
data are available for various operating conditions. Maximum repetition rzte is 
1 pulse every 3 min for a maximum of 40 pulses. Changes in experimental setup 
and data recording usually limit operation to 10 to 20 pulses/day. 

Pulse repeatability is approximately ±6Z. Pulse delay is approximately 3 
ps without external delay, which is adjustable up to 1C us. Timing jitter is 
±100 ns. 

Electrical noise is a function of distance from the machine and machine 
charging V. At IBM, an open coaxial cable in the shield box terminated in 50 ohms 
at the scope caused a noise signal of approximately 0.5 mV at 10^ R/s and 20 
mV at 1011 R/s. 

3.11.1.1 Electron-Beam Mode Environment 

No data are available except to verify total beam energy. 
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3.11.1.2   X-Ray Mode Environment 

X-ray dose measurements are shown in Figures 3-187 through 3— i91 - Oscillo- 
scope traces of a PIN diode pulse shape monitor are shown in Figure 3-192. 
Measured energy deposition profile in Al is shown in Figure 3-193. 

Reprcducibility of the dosimeter reader system is ±1% to identical expo- 
sures. The absolute error introduced by calibration «■•ith a Co-60 sourc is esti- 
mated to be ±15%. 

3.11.? Procedural Information 

For cost and technical information contact: 

North Carolina State University 
Dr. Wesley 0. Doggatt 
P.O. Box 5432 
Raleigh, NC 27650 
Telephone: (919) 737-2426 

Shipments should be directed to the above address. 
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Figure 3-187.    Faceplate dose distribution. 
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Figure 3-188. Dose levels on axis. 
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Figure 3-190. Isodose curves for 80-kV charging V. 
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Figure 3-192.    X-ray pulse shapes. 
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Figure 3-193. Measured energy deposition profile in Al. 
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3.12 HARRY DIAMOND LABORATORIES AURORA FACILITY 

The AURORA facility was sponsored by the DNA to provide the DoD with the 
capability of measuring TREE in large weapon systems. DNA has the authority and 
overall responsibility for funding, scheduling, and providing certain technical 
direction, operational guidance, and planning functions for this facility. This 
includes assuring that the best interests of DoD are maintained throughout all 
testing accomplished ac AURORA and that each test performed is technically sound. 

AURORA is managed, operated, and maintained for DNA by the U.S. Army Harry 
Diamond Laboratories (HDL). HDL has the prime responsibility for providing tech- 
nical direction and support to the facility user in the areas of simulator oper- 
ation, test configuration, instrumentation, and dosimetry. In addition, HDL is 
responsible to U.S. Army Materiel Command (USAMC) for radiation safety and pro- 
vides DNA with technical advice concerning operations and user test programs. 

3.12.1 General Characteristics 

The pulser receives energy from a conventional ±60-kV dc power supply, 
stores it, and delivers the energy in a short burst at high V. This is achieved 
by increasing the V in steps. The first such increase is in the Marx generator. 
This is an array of capacitors which are charged in parallel and then switched 
to a series configuration, thereby multiplying the V by the number of stages, n. 

In the AURORA simulator, the Marx generator consists of 4 separate generators 
with a common output. Each generator contains 95 stages of 4 series-parallel- 
connected capacitors charged to a maximum of 160 kV. With the maximum charge, 
the energy stored is 5.2 MJ and the output V is 11.5 MV. 

The Marx generator charges, in parallel, 4 Blumlein pulsa-forming networks. 
Each of these is a charge-in-pr.rallel, discharge-in-series system which consists 
basically of 2 charged transmission lines, one of which is reversed in polarity 
by shorting the input end by means of a command-triggered switch. (In the AURORA 
simulator, the 2 lines are in 1 triaxial configuration.) This stage will produce 
twice the charge V into an open circuit and has an output impedance equal to the 
sum of the nominal impedance of the lines. It acts as a pulse-forming network in 
that it will deliver its full charge V to a mctched load in a pulse whose length 
is determined by the electrical length of the Blumlein. 

The pulse from the Blumlein is conducted to the field-emission diode on a 
coaxial structure through a graded tube which separates the vacuum coax region 
from the oil insulation of the Marx generator and Blumlein. 

The AURORA simulator utilises A Blumleins, 4 tubes, and 4 bremsstrahlung 
targets. The 4 targets are the sources of radiation that produce the specified 
radiation field. The vacuum coaxial transmission lines are bent through 45 de- 
grees to bring the cathode-anode region near the machine center line: and the 
targets are inclined 23 degrees from the machine center line. The targets are 
each 26 in. in dia. and form a square array with 2.5 ft between centers. At 
present, all 4 sections must be fired simultaneously. Means of "double pulsing" 
or firing only 1 of 2 sections «re under consideration. 
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3.12.2 Physical Characteristics 

The floor plan of the AURORA facility is shown in Figure 3-194. The loading 
dock has a self-adjusting platform to simplify moving equipment on or off trucks 
and opens into the staging area through an 8-ft^ door opening. Equipment may 
be brought in directly from the loading dock and assembled in the staging area, 
which has a usable area of 29 ft by 34 ft. Duplex wall outlets provide 120-V, 
l-<{> power. The setup room, data room, test cell, and security vault all open 
directly off the staging area. The entrance into the test cell shield room is a 
door 8 ft, 10 in. wide by 8 ft, 6 in. high. A 6,000-lb capacity electric fork- 
lift is available for use in the test cell, staging area, and loading dock. 

The setup room and user's office are the base of operations while testing at 
the AURORA facility. The laboratory area is 16 ft by 28 ft and is equipped with 
work benches and power (120 V, 1 <J> and 208 V, 3 $). The user must supply his 
own tools, instrumentation, etc. The dark room is available to the user by pr'or 
arrangement. 

3.12.3 Test Cell and Data Room 

The test cell extends 65 ft back from the radiation window and, from the 
beam center line, 18 ft toward the data room and 30 ft toward the outside wall. 
The beam center line is 70 in. from the floor. The floor-to-ceiling height is 15 
ft and the limiting height is 13 ft, 8 in. to the air-conditioning ducts along 
the side of the room. As previously noted, the shield room door opening into the 
test cell is 8 ft, 10 in. wide by 8 ft, 6 in. high. 

There is an inertial pad 6 ft by 9 ft just inside the radiation window which 
rests on its own foundation and is partially decoupled from the building. 

Figure 3-195 shows the network of cable trenches which shield the cables from 
radiation. These trenches are inside the EM-shielded volume, and the smallest is 
12 in. wide and 16 in. deep. They have 2-in. thick steel covers. The user must 
supply his own cable for reaching from the test cell to the data room. To get 
from anywhere on the machine center line to the user rack in the data room via 
ehe cable trenches, 100 ft of cabling is required. The facility supplies an 86-ft 
long Netex douple-zip tube of 5 and 6 in. dia., which is normally used with 
double-cassette shielding (supplied by the user). The outer sip is normally ter- 
minated at the test cell wall and the inner zip at the data room wall. 

The cable bundle goes through one of the threa 8-in. dia. conduits (dashed 
line«) that go from the cable trench to the data room beneach the raised 
computer-type floor. The cables then can be tied into the user rack or run 
directly to the high- or low-frequency patch panels. 

A radiation pulse detector, referred to as the trigger monitor detector 
(TMD), is mounted between the test cell and data room walls; it provides a trig- 
ger to a trigger generator/fan-out system for oscilloscope triggering and fidu- 
cial marks. 
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Figure 3-195. Test cell and data room. 

Two 16-in. and two 12-in. dia. cable conduits from the test cell into the 
data room (18 in. above the data room floor) are also available to the user. Two 
offset square optical ports at the beam center line (6 ft above the test cell 
floor) with front surface mirrors installed are available, one 5 ft away from the 
beam entrance window and the other 30 ft from the window. 

3.12.4 Data Room Layout 

The data room is 21 by 49 ft, with approximately one-half the area used for 
permanently installed facility instrurentation which is controlled by the data 
room sequencing system. Most of this instrumentation is available to the experi- 
menter. Ihe remainder of the data room is available for user-supplied equipment 
which can be tied into the sequencing and run interlock system, if desired. 
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The permanent instrumentation section of the data room is shown in Figure 
3-195. Along the wall nearest the control room is the data room control console 
which is operated by HDL personnel to meet the needs of the user. The Tektronix 
Type 519 oscilloscopes used to monitor the radiation pulse are also in this sec- 
tion, as are the "zero clock" and the time-interval meters. The remainder of the 
data room oscilloscopes are in ehe fast instrumentation section which is along 
the wall adjacent to the test cell. This location permits the shortest possible 
cable run from the radiation area. Also in this section are the high-frequency 
patch panel, the delay generators- and the trigger/marker fan-out system which 
provides pulses (initiated by the TMD) for scope triggers and fiducial markers. 
The remaining data room instrumentation is contained in the low-frequency sec- 
tion. It consists of 1 tape recorder, 2 oscillographs, the data scanner, signal 
conditioners, calibration equipment, and the low-frequency patch panel. 

Also shown in Figure 3-195 is the user's rack, where access is provided to 
the facility instrumentation via the following cables; 

Number of Type of Connector 
To Cables 

38 

Cable 

RG213 

Type 

High-frequency patch GR 
High-frequency patch 12 RG58 BNC 
Low-frequency patch 8 RG58 BNC 
Low-frequency patch 96 TSL Trimm Type 357 
Console 4 RG213 GR 
Console 4 RG58 BNC 

There are also 3 stations of the sequencer-controlled relays on a terminal strip 
on the user's rack. 

A paved trailer area is available for instrumentation vans. The area is 
approximately 60 ft long along the test cell wall and is 12.5 ft above the test 
cell floor. It is reached by an extension of the facility entrance road. Power 
is available from a 75-kVA, 480-V, 3-$, 3-wire, 100-A circuit breaker panel. 
There are also two independent, transformer-isolated, 75-kVA, 208-V, 3-<J>, 
4-wire power drops. Each drop is available at a separate 200-A fused disconnect 
switch. The fourth wire grounds are connected together and to local earth ground 
through a 2-pole single-throw switch whi'.h provides for complete isolation of 
trailer power systems. Cable conduits leading to the test cell are provided. 
Cabling to the control room can be provided and communications with the data room 
can be made through the optical links. TVr-2 is a direct personnel access to the 
test cell from the trailer park through an 11-ton concrete door. The area has a 
station on the building intercom system, a speaker on the paging system, and 
provisions for a telephone extension. 

3.12.5 Operating Characteristics 
s 

AURORA operating characteristics at 115-kV change V are: 
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1. Peak Blumlp.in V 11 MV 

2. Blumlein source imp«dance        22 fl 
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3. Field-emission diode impedance 35 ß 

4. Peak electron-beam energy 10 MeV 

5. V pulse width (FWHM) 190 ns 

6. Bremsstrahlung pulse width (FWHM) 130 ns 

7. Charging system capacitance 703 pF 

5. Stored energy 4.7 MJ 

9. Total electron-be?m energy/pulse 2.0 MJ 

10. Electron-beam I 1.2 MA 

11. Peak I density 

The present working hours of the AURORA facility ar-; 0800 to 1630 Monday 
through Friday. In 1 work-day the facility can delive?r a maximum of 6 pulses, 
starting at 0915 and ceasing at 1545. Typically, however, the user turnaround 
tine limits the operation to 4 shots/day. On the average, a full day must be 
devoted to maintenance after 8 shots at 110 kV or 16 shots at 90 kV. 

Tulse delay is nominally 4.5 ps. This delay is defined as the time interval 
between the command pulse and the peak of the radiation pulse in the test cells. 
The timing precision (jitter) of the radiation pulse is better than ±50 ns 
from command, 

The extent of automated operation is indicated in the listing of data room 
instrumentation. The intent is to automate routine operations to the fullest 
extent compatible with flexibility and, thereby, minimize human errors. Communi- 
cation between the data and control rooms is by opzical links to preserve RFI/EMI 
isolation. All automated operations are controlled by the countdown clock which 
counts seconds from -300 to *300. The clocks in the data room and the control 
room, are synchronized. The simulator typically will be fired at clock zero with 
both automated and manual "holdo," where necessary. The simulator can be trig- 
gered either automatically or manually from the data room or control room, by the 
user or the facility operator. The constraints are that the data room must issue 
a "data room ready" signal for charging to commence, and the control room must 
issue "fire ready" for the simulator to be fired by any of the options; th"»t is, 
the control room must issue the permission signal for firing. It is desirabV to 
fire the machine less Mian 30 s after charge is complete, the sooner the better. 
Charging the simulator requires about 2 min, for 110 kV charge V. 

The sequencer is run by the one-count-per-second clock and will start ani 
stop tapes, chart recorders, and the data scanner. It will open and close shut- 
ters, arm oscilloscopes, sweep base lines and rearm, and illuminate graticules. 
All of these operations are individually programmable so that they can be per- 
formed at any time within ±99 s of zero time in the countdown. The.e are 3 
auxiliary switch stations on the sequencer that appear on a terminal strip at 
the user rack for controlling user equipment, if desired. The sequencer also 
offers the option to program an automated hold at any selected time until "fire 
ready" is received from the control room so that, for instance, tapes are not 

3-233 



started until it is reasonably certain that the countdown will proceed without 
further holds. Automatic holds also will be affected by any failures of the auto- 
mated equipment such as tapes not up to speed at a specified time, a scope or 
camera not armed, etc. These problems can be corrected or the interlock bypassed 
by the data room operator at the discretion of the user. 

Fast timing is accomplished by use of 2 discriminator trigger generators 
(GCSG-72) and fan-outs that can be triggered from any desired source, such as the 
trigger monitor detector. The outputs are used to trigger oscilloscopes, provide 
fiducial marks, stop the zero clock, and stop time-interval meters. Oscilloscopes 
can be triggered less than 160 ns after radiation begins, which precedes any 
signal, by at least 100 na, that can get to the scopes from the test cell via 
normal cable routes. Programmed early triggers can be provided as required. 

The simulator has a jitter of ±50 ns from command» If the user wishes to 
synchronize the machine firing with his experiment, he must supply the pulse. 
This pulse is normally injected in the data room at the user rack via a 50-ohm 
coax cable with a BNC panel connector. The pulse is routed through a specially 
built Lockout Trigger Generator (LTG) which prevents more than one trigger pulse 
from entering the simul^cor trigger system. The LTG (either 50~ohm or 1,000-ohm 
input) requires a positive-going pulse or waveform, with at least 5 V amplitude, 
and an effective risetime within the range of 10 ns "o 1 ys. Pulse trains, 
continuous waveforms, or a V step are acceptable, wi _ m the above criteria, 
providing the user realizes that the simulator will be triggered on the first 
positive excursion of Ms trigger signal. 

The degree of automation described exists mainly to minimize errors. In this 
vein, dry runs can be made where a pulse with preset delay substitutes for the 
simulator delay and output pulse. 

The test cell and data room shown in Figure 3-195 are electromagnetically 
shielded with cable conduits between them. These 2 rooms can be electrically 
isolated from each other or connected together via the cable conduits. There is 
a low-impedance grounding system (counterpoise) accessible at the radiation win- 
dow which car. be used to ground the test cell shield room, the simulator, or 
both. The combination of these groundings and room interconnections that gives 
the lowest noise environment for a given test will be used. The enclosares are 
designed to produce 120-db attenuation from 1 kHz to 1 GHz. Noise-free poi er from 
a motor-generator set is supplied to the test cell and data room. The power 
allotments for user equipment are: 

Data Room 

Test Cell 

480 V, 3 <j>, 
3 wire  

33 kVA (40 A/*) 

25 kVA (30 A/$) 

208 V, 3 $, 
4 wire  

15 kVA '40 A/*) 

15 kVA (40 A/$) 

120 V, 1 <t>, 
3 wire  

45 kVA (125 A/*) 

22 kVA (60 A/$) 

Presently, the test cell shield is tied to the counterpoise and the test cell 
•nd data room are not connected. Using this arrangement, the EM noise from the 
simulator is in the submillivolt level inside the shielded enclosure. The domi- 
nant EMI is due to the 1,000 A of Compton I flowing from the te&c cell wall. 
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Noise measurements using a double cassette and double-zip tube, as described in 
1F3.12.3, yielded varying results, depending on the dose level and orientation 
of the cable end. In general, the noise after the first 200 ns is a few tens of 
mV. 

The noise, pulse occurring during radiation is several hundred mV at highest 
dose levels. Noise measurements with a dummy package are worthwhile if noise is 
expected to be a problem. The noise pulse during radiation resembles the radia- 
tion pulse in shape, as does the Compton I which has been measured with a B loop. 

The brems Strahlung from the AURORA simulator is directed into ti.e test cell 
through the EMI shield. The test c^ll is described in A3.12.3. 

3.12.6 Dose Maps 

Figures 3-196 through 3-198 show the isodose contours in the test cell nor- 
malized to 1 x 10-* rad(Si) at the maximum level. These numbers should be 
multiplied by 45 to obtain the dose for each isodose contour. The radiation level 
is varied by moving the test package in the test cell. The radiation dose also 
can be lowered by about a factor of 4 by using a lower charging V. 

Figure 3-196 is a plan view of the entire test cell -showing gross isodose 
contours determined in a horizontal plane 70 in. above the floor (i.e., coincid- 
ing with the machine axis). Major features of the test cell, such as cable 
trenches and 1-m grid intersection marks on the floor, are included for ease in 
locating a given position. 

A 1-m dia., 1-m long cylinder containing the hot spot has been mapped in 
detail (shown in Figure 3-196 by the dotted lines). Figures 3-197 and 3-198 show 
intersections of the 3-diT.ensional isodose contours with 0- and 45-degree R-Z 
pianes and the Z ■ 0- and 25-cm plants, respectively. 

3.11.7 X-Ray Mode 

The pulse width at the one-half maximum is generally about 125 to 130 ns. 
The rise and fall times of the pulse are typically 60 ns. The dose rate (6) has 
been calculated for many shots aiul is given by 

Tof.il dose    i 
FWHM x 1.09 

At the present level of operation, approximately 3 x 10^ rad(Si)/s car be 
obtained uniformly over an 8-in. dia. sphere. 

342.8 X-Ray Spectrum 

The x-ray spectrum has not been measured. The calculated spectrum is shown 
in Figure 3-199. This spectrum was calculated using the best available beam 
parameters and the electron-photon Monte Carlo transport code, TIGER. 

3-235 



Multiply all Values by 45 to Determine Doti in Rad (Si). 

Figure 3-196. Isodore contours in the test cell. 
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a.    0° Section b.    450° Section 

Multiply all Values by 45 to Determine Dose in Rad (Si) 

Figure 3-197. Detailed isodose contours in 0- and 45-degree 
R-Z planes. 
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Figure 3-198.   Detailed isodose contours in Z ■ 0- and 25-cm 
planes. 
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Figure 3-199. AURORA bremsstrahlung spectrum. 

3.12.9 Electron Mode 

The AURORA facility has the ability to irradiate objects directly with the 
electron beam. The bean is brought out of the anode-cathode region through a Ti 
foil into a drift chamber where experiments can be mounted. The electron beam is 
also used to pioduce high-intensity bremsstrahlung from a tungsten cirbide target 
placed in the beam pinch. This technique produces 250 krad(Si) over a 1-in. spot. 

The beam parameters for 90-kV charging voltage are: 

1. Electron energy (V-beam)    8 HeV 

2. Beam I (I-beam) 240 kA 

3. Beam energy (E beam)       325 kJ 
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4. Pulse width 

5. Max. energy fluence 

200-ns FWHM 

E/A 500 cal/cm2 

The energy deposition profile shows an extrapolated range in Al of 4 gm/cm^ 
and a maximum dose at a depth of 1 gm/cm^ of 0.5 (cal/gm)/(cal/cm2). Details 
of the energy deposition, fluence maps, and experimental hardware will be sup- 
plied upon request. 

3.12.10 Support Capabilities 

The following facility instrumentation is available to the user. 

3.12.10.1 Oscilloscopes 

All oscilloscopes are of the type needed for high writing rates, i.e., P-ll 
phosphors and f/1.3 lenses. Single-sweep arming/confirm camera shutter/confirm, 
baseline sweep, and graticule are automated. The types and quantity available 
are 12 Tektronix R556 with 12-1A1 and 24-1A5 plug-in units and 4 Tektronix Typ? 
R7903 with the following: 

Time Units Plug-in Amplifiers 

Number Type Number Type 

1 7B92 2 7A19 

4 7B70 2 7A19-001 

1 7B71 4 7A16 

4 7A13 

2 7A21N 

3.12.10.2 Tape Recorders 

The tape units have automated start-stop, automated speed confirm, servo 
speed control, IRIG A time code with 1-ms resolution, and search capability to 
1-ms record time resolution. The tape units are: 

1. One Sangamo 4784 with 30 channels of RF record/reproduce, 
a bandpass of dc-80 kHz (at 120 ips), tape speeds of 1-7/8 
to 120 ips, ±?50-mV full-scale differential input with 
line-to-line input impedance of 50 kohms. 

2. One Ticor II (Mincom), with a capability of 12 channels 
of direct record/reproduce, a band pass of 1.5 MHz at 12C 
ips, tape speeds of 7-1/2 to 120 ips, 0.25V full-scale, 
single-ended input impedance about 10 kohms. (Note: Ticor 
II is presently removed but could be reconnected if re- 
quired by the user.) 
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3.12.10.3 Oscillographs 

Two Honeywell 1912 Visicorders with a variety of galvanometers are available. 
They have time code and automated start-stop. Available are 30-dc amplifiers, 8 
gage control bridge amplifiers, and 8 thermocouple control units (copper- 
const ant an) . 

3.12.10.4 Data Scanner 

The scanner is a Type 6401-2 Vidar 100-channel scanner, with high-speed 
printer, 20 channels/s maximum scan rate and 3-wire input for twisted-shielded 
pair, and automated start-stop. Thermocouple compensation is available. At the 
present, 9C channels of mV readout (1 yV resolution), 10 channels of chrome- 
alumel compensated readout, and 10 channels of iron-constantan readcut are 
available. It is planned to connect the output to a minicomputer and increase 
the scan rate to 50 channels/s. 

3.12.10.5 Timing Instrumentation 

Available are: (1) one Eldorado 630 Digital Delay Generator, 1 ns to ' s, by 
1-ns increments, (2) two Systron-Donner HOB delay and pulse generators with 
180-ns to 50-ms delay, 0.05Z jitter, rise time of 4 ns to 500 ys, and pulse 
width of 10 ns to 5 ms, (3) one Systron-Donner 8150 time code generator with 1-ms 
resolution and display, which codes tapes to 1-ms resolution and oscillographs 
and data scanner to 1-s resolution (the time code geneiator remote unit gives 
the time of the shot to 1-ms resolution), (4) two Eldorado Time Interval Meters, 
10-ns resolution, 100-ns to 1-s time interval, and (5) oie Eldorado 796 Time 
Interval Meter with 1-ns resolution, 1-s maximum time interval. 

3.12.10.6 Dosimetry 

HDL will supply passive dosimetry of the thermoluminescent type. All of the 
normally used phosphors can be made available (LiF, CaF2» L12B4O7, and 
CaSO^) in both powder and teflon matrix form. HDL will assist the experimenter 
in specifying tit  dosimetry for this experiment. 

The dosimeter system coraonly used is CaF2 in a teflon matrix. These dosim- 
eters are supplied in the center of • 9/16-in. dia. and l/2-in. length Al cylin- 
der for electron balance when used on the exterior of a test package. They also 
can be used bare inside a test package, ox' they can be supplied in a TO-5 tran- 
sistor can. Ta-balanced dosimeters «re also available. The facility can read out 
20 of these dosimeters per hr. The user can select which dosimeters he wants read 
out immediately after the shot. The facility will apply the proper correction 
for fading. 

A prompt radiation detector on or near the Simulator center line is part of 
the dosimetry available. After each shct, users are typically provided with a 
typed data sheet which includes the shot parameters, a graph of the dose rate 
versus time, and the dose and dose rate ai -lie peak of the bremsstrahlung pulse 
for each dosimeter used. 
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3.12.10.7 Security Provisions 

The building has all necessary security features, including controlled ac- 
cess. There are safes for documents and an 8- by 19-ft vault for classified hard- 
ware up through a level of Secret. All HDL personnel have at least a Secret 
clearance. All visitors to the facility should send their clearance to Harry 
Diamond Laboratories, Attention: Security Office, DELHD-ASE, 2800 Powder Mill 
Road, Adelphi, Maryland 20783. 

3.12.11 Procedural Information 

Inquiries should be directed to; 

Harry Diamond Laboratories 
2800 Powder Mill Rd. 
Adelphi, MD 20783 
Attn: Mr. Paul Caldwell, DELHD-RBI 

AURORA Facility 
Telephone:  (202) 394-2290 

The user will submit to DNA a General Program Plan 8 months prior to the 
desired test date. Further details on this requirement may be obtained from the 
contacts just listed. An exception to the 8-month requirement may be made in ur- 
gent cases; however, no assurance regarding the facility availability and support 
can be given. 

Cost information can be obtained from 

Director 
Defense Nuclear Agency 
Attn: RAEV (AURORA Project Officer) 
Telephone: (202) 325-7026, 7088 

A/V 221-7026, 7088 

The shipping address is: 

Harry Diamond Laboratories 
AURORA Facility 
2800 Powder Mill Road 
Adelphi, MD 20783 
Attn: Stewart E. Graybill 
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3.13 HONEYWELL FX-25 ELECTRON-BEAM GENERATOR 

The IPC FX-25 FXR machine operates with a maximum charging V of 4 MV, with 
nominal chargiitg V of 3.3 MV, yielding an electron-beam energy of 2.4 MeV in the 
high-impedance mode or 900 keV in the low-impedance mode. Figure 3-200 shows the 
facility layout. 

Electron-beam experiments may be performed by setting them up in the drift 
tube. This tube is partially evacuated under normal conditions, but it may be 
operated at ambient pressure if desired. The inside dimensions of the drift tube 
are 6 in. in dia. and 22 in. in length. 
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Figure 3-200. FXR facility layout. 

3.13.1 Test Parameters 

Sections 3.14 and 3.15 contain data on FX-25s at other locations. 

The geometry of the election-beam within the drift tube ia strongly dependent 
upon the pressure of the tube. Energy flux measurements are made for each test 
position to be used. Data which may be used for selecting a preliminary exposure 
position are available for various pressure levels and at several points in the 
drift tube. 

Operating charcteristics of the FX-25 are: 

ell 
■r,. 
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1. Charging V 

2. Maximum electron-beam energy 

3. Tube I (typical) 

4. Total energy/pulse 

5. Maximum electron flux 

6. Minimum electron flux 

7. X-ray dose (22 ± 5 ns, FWHM) 

a. Total dose at surface of tube 

Dose rate at surface of tube 

Total dose at 30 cm from tube 

Dose rate at 30 cm from tube 

8. X-ray dose (high-intensity mode) 

a. Total dose at surface of tube 

b. Dose rate at surface of tube 

9. Pulse repetition täte 

3.3 (4.0 max.) MV 

2.5 MV at 3.3 MV charging V 

25,000 A 

1,200 J 

100/cal/cm2 

2 

b. 

d. 

0.5 cal/cm 

2,500 rad(Si) 

1.25 x 1011 rad(Si)/s 

34 rad(Si) 

1.7 x 109 rad(Si)/s 

20 ns, FWHM 

26,000-38,000 rad(Si) 

1.9 x 1012 rad(Si)/s 

1.2 m 

These data are not definitive and are meant only to be used as a guide. 

The maximum pulse repetition rate is 1.2 m/pulse in the bremsstrahlung mode. 
The limit for electron-beam testing is usually I pulse/lG-m interval, due to the 
requirement of changing samples and stabilizing pressure within the drift tube. 
The nominal pulse delay is 7C0 ns between the fire command to the trigger light 
source and onset of radiation at the target. The jitter associated with this 
delay is within ±12 ns for any 10 successive shots. 

The shielded enclosure, steel duct system, and test cassette provide complete 
protection from RF noise problems during x-ray testing of discrete components, 
circuits, or electronic systems. The shielded enclosure has been certified as 
exceeding requirements of MlL-STD-285. All power within the shielded enclosure 
is filtered. No unfiltcred circuits of any type enter the enclosure, except those 
data cables which are protected by the steel duct system. 

No electronic devices have been testej as active units while undergoing expo- 
sure to the electron-beam environment. 

3.13.2 Diagnostic Techniques 

Diagnostic techniques in the electron-beam mode include: 

1. Graphite and Al total-stopping calorimeters 

2. Thin-film dosimeters for beam profile and intensity 

3. Deposition profiles (thin films interleaved between metal 
foils) 
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4. Return I shunt 

5. Capacitive V monitor (cathode V) 

Diajnostic techniques in tha x-ray mode include: 

1» Photodiode - scintillation radiation detector (waveform) 

2. PIN photodiode - radiation detector (waveform) 

3. Return I shunt 

4. Capacitive V monitor 

5. Dose maps and point dosimetry with TLD ribbon (chip) 

6. Dose depth profiles with TLD-loaded arrays» 

3.13.2.1 Electron-Beam Mode Environment 

The electron-beam flux deposited at any point within the drift tube is 
strongly dependent upon the pressure in the tube. The experimenter may select any 
flux level within the range of 0.5 to 100 cal/cm^. The flux distribution is 
symmetrical about the longitudinal axis at any point along the axis; therefore, 
it would be well for the test configuration to incorporate axial symmetry regard- 
ing position of sample holders on the test assembly. There is no evidence of the 
beam wandering within the drift tube. 

Figure 3-201 shows the waveform of electron-beam V and I outputs. 

Current 

14. 1 kA/cm 

20 ns/crn 

3/8 inch cathode 

Voltage 

3.03 MV/cm 

20 ns/cm 

3/8 inch cathode 

Figure 3-201. Oscilloscope traces of electron-beam 
output waveform, V and I. 

The electron-beam spectra shown in Figures 3-202 and 3-203 were generated at 
3.3-MV charging V with 3/8-in. and 2—in. cathodes, respectively. Spectra are 
somewhat dependent on cathode-to-target spacing and cathode tip configuration; 
therefore, the standard operating procedure in the facility i» to charge each 
shct co 3.3 MV and maintain • 3.5-cm cathode-to-target gap. The 3/8-in. cathode 
is tapered at 45 degrees, with point slightly blunted. The 2-in. cathode is ter- 
minated in a flat carbon plate with "waffle-grid" pattern machined into the face. 
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Figures 3-204 and 3-205 show the energy dose-depth profiles for the 3/8-in. 
and 2-in. cathodes, respectively. Thes;? plots show the relative dose versus depth 
in the materials (Al and Fe) indicated and are based on measurements with stacked 
foils and cellophane dosimeters. 

3.13.2.2 X-Ray Mode Environment 

The x-ray environment for 3.3-MV charging V, 3/8-in. cathode, and 3.5-cm 
cathode-to-target gap is shown in the center line maps and the spatial distribu- 
tion maps of Figures 3-206 through 3-208. Center line data are presented for two 
conditions: (1) collimated by a 4-in. thick Pb shield with 2.5-in. port, (2) no 
collimation or other shielding in the field. The spatial distribution maps were 
determined with no collimation present. All data were obt-:ied by means of TLD- 
100 thermoluminescent ribuon dosimeters (LiF). Accuracy of the TLD system is 
±15% overall and measurements can be reproduced wifhin ±5%. 

The bremsstrahlung output pulse waveform is shown in Figure 3-209. The pulse 
width (FWHM) is 20 ns ± 5 ns. It was measured by a detector consisting of ITT 
FW114 photodiode with pilot-B scintillator. Charging V was 3.3 MV, with 3/S-in. 
cathode and 3.5-cm cathode-target spacing. 

The x-ray spectrum for operation with the 3/8-in. cathode and 3.3-MV charging 
V has been computed and is shown in Figure 3-210. 

3.13.3 Support Capabilities 

Data recovery instrumentation available for use in the facility includes the 
following: 

1. Instrumentation 

a. 1 Tektronix 7844 oscilloscope 

b. 2 Tektronix 7904 oscilloscopes 

c. 4 Tektronix 7704 oscilloscopes 

d. 2 Tektronix 556 oscilloscopes 

e. 2 Tektronix 519 oscilloscopes 

f. 1 Tektronix 475 oscilloscope 

g. 2 Datapulse HOB pulsers 

h. 1 Datapulse 101 pulser 

i. 1 Hewlett-Packard 215A pulser 

j. 6 Kepco PCX-40 power supplies 

k. 1 John fluke 8300A digital voltmeter 

1. 1 CTC 1086 dual-level calibrator 

m. 1 Tektronix 576 cuive tracer 

n. 1 Tektronix FG502 function generator 
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Figure 3-207. Radial dose distribution at 40 cm distance 
(collimated) (dimensions in cm). 
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Figure 3-208. Dose distribution, horizontal plane. 

Figure 3-209. Bremsstrahlung output pulses. 
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Figure 3-210. Honeywell FX-25 computed spectrum. 

1 Tektronix TG501 cire mark generator 

1 Tektronix SG504 sine wave generator 

1 Tektronix DCS0S universal counter-timer 

Other specialised power supplies, counters, volt- 
meters, and test instrumentation on hand 

Power: 120-Vac, 3-$, 1-$, filtered power in shielded 
enclosures; 220-Vac, 3-$ and 120-Vac, 1-$ available 
in the machine room. 

Cables: 20 each Trompeter triaxial TRC-50-2 cables and 
twinax TWC-78-2 cables installed in steel conduit extend- 
ing between the shielded enclosure and the junction box 
in the machine room. Flexible steel conduit extends from 
the junction box to the nest cassette. 

Other specific instrumentation can be made available by prior arrangement. 
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A variety of timing signals are available. The 2 basic signals are the ma- 
chine fire command pulse and the trigger pulse generated by a PIN diode at radia- 
tion emission. Three pulse generators and a console delay system may be used in 
conjunction with each other to delay radiation emission, pretrigger oscillo- 
scopes, synchronize circuit functions, or combine these actions. 

One 8- by 12-ft Rayproof Series 81 shielded enclosure is available in the 
instrumentation room. The enclosure exceeds MIL-STD-285 attenuation requirements 
for electric and magnetic fields. Filtered power consists of three 120-Vac, 
l-<j), 50-A circuits. Plans include expansion of this room to 8 ft by 20 ft, and 
the addition of another 8- by 12-ft room. 

The x-ray dosimetry system consists of Harshaw 2000 TLD readout instruments, 
LiF TT,D-10Q chips, and 2 types of CaF2 TLD chips. The chips are calibrated in 
a known field, using the calibrated Co-60 source in conjunction with a Victoreen 
Condenser R-meter. The R-meter has been calibrated by the NBS. The Harshaw 2000 
TLD readout system is recalibrated and maintained by Harshaw on a semiannual 
basis. 

Electron-beam dosimetry consists of a 16-channel total-stopping C calorimeter 
and a single-channel Al calorimeter. Thin-film dosimetry is also on hand, with 
an American Instruments microphotometer for readout. Special dosimetry problems 
should be discussed with the facility staff. 

Arrangements may be made for use of the Honeywell Computer System, consisting 
of Honeywell 6080, CDC 6600, and Honey/ell 2000 computers. A complete manufactur- 
ing facility is available. This shop system is capable of constructing test elec- 
tronics or fixtures ranging from simple model shop operations to complex systems. 
Adequate preparation space is available for the experimenter to set up, check 
out, and repair test electronics. Space for administration, data reduction, and 
conference is also available. 

...":*".■'. 

in 

The facility maintains Tektronix camera« using Polaroid film for each of the 
oscilloscopes in the shilded enclosure. Camera backs for both flatpack and roll 
film are available. A Polaroid copying camera is also available. Honeywell main- 
tains a photographic laboratory with complete still-photography and printing 
facilities. The Standard Test Cassette accepts test boards with 41-pin ELCO 7022 
connectors. The board size limits are S in. wide, 4 in. high, and 1 in. deep. 
The depth could be increased if needed. The capability of building larger cas- 
settes exists at the facility. 

The Circuit and Piece Part Data Acquisition System consists of 6 line driv- 
ers, 2 current transformers, 2 ac input-output lines of 50 ohms, and 8 dc power 
lines. The specifications on these are as follows: 

1. Line Drivers 

a. Bandwidth: dc to 100 MHz 

b. Input impedance: 10  ohms 

c. V gain: 0.5 

d. V awing: 36 V;  i.e., ±18V, 0 to +36, 0 t 
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2. Current Transformeis 

a. Bandwidth: 10 kHz to 100 MHz 

b. Insertion impedance: 0.04 ohms 

c. Peak current: 100 A 

Standard test boards are available for photocurrent measurements on diodes, 
zeners, transistors, and FETs. Also available are test boards for characteriza- 
tion of many digital and linear devices. 

Electron-beam experiments are performed in a drift tube with a 6 in. I.D. 
and a 22-in. length. 

Administrative and technical inquiries should be directed to: 

Honeywell, Inc. 
13350 U.S. Highway 19 
St. Petersburg, FL 33733 
Attn: Mr. Graff 
Telephone: (813) 531-4611, Ext. 2669 

Lead time of 1 month is required to schedule use of the facility. Information 
may be obtained directly from Honeywell. Costs and charges associated with use 
of the facility may be obtained directly from Honeywell. 

The shipping address is: 

Honeywell, Inc. 
Honeywell Warehouses 
1.733 W. Rena Drive 
La-go, FL 33540 
Attn: J. Griessel (Pit E-l) 
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3.14 RAYTHEON RADIATION FACILITY, 
EQUIPMENT DEVELOPMENT LABORATORY 

Raytheon maintains a radiation facility in Sudbury, Massachusetts, to pi ivide 
nuclear effects simulation capabilities to the Survivability/Vulnerability (S/V) 
group. The facility is also available to outside experimenters on a service 
rental basis. Figure 3-211 is a layout of the facility, which contains FXR ma- 
chines, a radioactive materials handling room, and a well characterized dosimetry 
system. The S/V section has an NRC (formerly AEC) by-product materials license 
which is required for neutron damage studies. 

Figure 3-211.   Raytheon Radiation Laboratory. 

3-256 



3.14.1 Operating Characteristics 

The two FXR machines provide complementary capability in that they are of 
different emission energies and pulse widths. 

3.14.1.1 Field Emission Corporation Model 730/2650 

The Field Emission FXR is used primarily for testing piece parts and small 
circuit modules in low-dose-rate transient y  environments: 

1.  Charging V (E ) 600 kV 

1,500 A 

90 ns 

106 to 2 x 108 rad(Si)/s 

18 rad(Si) max 

135 keV 

2. Output I 

3. Pulse width (effective) 

4. Peak dose rate 

5. Total dose 

6. Effective photon energy 

3.14.1.2 Ion Physics FX-25 

Sections 3.13 and 3.15 contain data on FX-25s at other locations. 

Higher doses and dose rates are produced with the IPC FX-25 FXR machine than 
with the 730. The FX-25 can be used in either the y   or electron-beam mode. 
Conversion between radiation modes can bo made in less than 1 hr. The specifica- 
tions of the FX-25 FXR system are as follows: 

3.5 MV 

2.8 MeV (normal mode) 

20,000 A 

20 ns 

1,200 J 

1. Normal terminal charging V (E ) 

2. Maximum electron-beam energy 
(@E0 - 3.5 MV) 

3. Tube I (typical) 

4. Pulse width (effective) 

5. Total energy/pulse 
2 

6. Electron flux at 5 cm (pinch mode) 500 J/cm 
2 7. Maximum electron fluence 120 cal/cm 

8. Maximum y  dose (per shot): 

a. Total dose at tube surface    3,000 rad(Si) 

b. Total dose at 30 cm from anode 90 rad(Si) 

9. Y dose rate: 

a. Unattenuated 2 x 108 to  1.5 x 10n 

rad(Si)/s 

b. Attenuated 2 v.  108 to less than 
5 x 104 rad(Si)/» 
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c. Pinch mode 

10. Repetition rate 

11. Pulse delay 

12. Timing jitter 

13. Machine pulse control 

3.14.1.3 Electrical Noise 

1 x IO11 to l x io12 

rad(Si)/s 

1/min, max. 

Nominally 500 ns 

±15 ns 

Experimenter has option of com- 
mand firing by providing a 
trigger or manual pulsing by 
operator. 

The facility contains two walk-in shielded enclosures. One is used as the 
experiment exposure chamber and the other for test instrumentation. The inter- 
connecting power and data lines pass through a 20-ft metal conduit connecting 
both rooms electrically. Circuits for transient y test can be set UP inside a 
Mu metal box located in the exposure chamber. This allows the doubled-shielded 
test configuration recommended in the "Preferred TREE Procedures." Electrical 
noise can be held to a few mV or less when low-impedance (üO-ohm) driving cir- 
cuits are used. 

3.14.2 Electron-Beam Mode 

In the electron-heam mode, energy fluences up to 120 cal/cm2 are available 
by use of the magnetic self-focusing phenomenon peculiar to high-density rela- 
tivistic electron beams. Surface doses on the order of 5 x 10^ rad(Si) are 
attainable with a total deposition time of 50 ns (20-ns FWKM). This energy depo- 
sition rate makes the FX-25 an ideal energy source for thermomechanicai damage 
studies and material (high strain rate) response investigations. Figure 3-212 
shows the relative electron-energy distribution available with the standard 
3/8-in. dia. cathode. 

The FX-25 may also be modified for use as a source of lower energy electrons 
suitable for surface deposition and shock propagation studies. A special low- 
impedance cathode is used. The shank geometry employs a 2-in. dia. cathode with 
a graphite emitter, and is adjustable to allow the accurate gap settings neces- 
sary for the Iow-impedance electron-beam operation (see Figure 3-213). Conversion 
to this mode of operation requires no more time than other intermode conversions. 

V and I time profiles at the athode of the FX-25 can be monitored with the 
diagnostic collar on a shot-to-sho basis. This information is used with an 
in-house computer code (FX SPEC) to ^ive electron-energy spectrum information as 
shown in Figures 3-212 and 3-213. 

3.14.3. X-Ray Kode 

The FX-25 uses a T« anode to obtain bremsstrahlung conversion. The resultant 
photon spe*.•.*um has a maximum energy of 2.8 NeV with the peak effective energy of 
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FX-25 Electron Beam Energy Spectrum 
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rv. 
-i. 

0.4 0.8 1.2       1.6 

Ener:/ (HeV) 

2.0 2.4 '„.8 

Figure 3-212. Pulsed elsctron-beam energy spectrum 
(normal mode), 
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Figure 3-213. Pulsed electron-beam energy spectrum 
(low-Z mode). 
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the distribution being approximately 1.2 MeV. Peak dose rates 
rad(Si)/s and reproducibilities of better than 5% are realized. 

of 1.5 10 11 

The FX-25 also may be operated in the pinch modo, to increase the machine 
output by a factor of 10 for irradiation of small-area piece parts. 

The FX-25 produces a radiation field pattern which is well suited for test- 
ing large components or circuit modules. The spatial distribution of the radia- 
tion from the machine is illustrated by Figure 3-214, which shows the isodose 
contours. A typical radiation intensity-versus-time profile, measured with a PIN 
diode detector, is shown in Figure 3-215. 
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Figure 3-214. Dose spatial distribution for FX-25. 
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Figure 3-215. Radiation pulse profile, 
FX-25 (T = 10 ns/div). 

3.14.4 Support Capabilities 

Facility personnel provide machine operation, dosimetry support, and elec- 
tronic test circuit and fixturing design or consultation. Operation of data 
recovery instrumentation is also available upon request. 

Camera-equipped dual-beam oscilloscopes are used to record experimental data. 
Fast oscilloscope traces of radiation pulse shape and experiment, responses are 
recorded using high-speed film and oscilloscope options for writing speed en- 
hancement. Equipment such as pulse generators and power supplies are normally 
available to the experimenter. Special equipment such as counters, function 
generators, etc. can be made available by prior arrangement. 

triggering signals referenced to the machine pulse command signal are readily 
available. To eliminate a common transient test problem, RF noise, both machines 
are arranged to fire into a walk-in RF-shielded enclosure. A second shielded room 
also has been installed in the laboratory to house electronic test equipment. 
This shield room is fully instrumented to support transient y an<* electron-beam 
tests, A 1-dimensional positioning platform with remote readout is used to con- 
trol the distance of a sample from either FXR. The platform has a travel range 
of J? in. and positions to an accuracy of a few hundrcdths of an inch. P-ll phos- 
phor CRTs, 10,000 speed film, and other writing speed enhancement techniques are 
used in recording oscilloscope data. A full range of photographic laboratory ser- 
vices can be made available by prior arrangement. 

The Reliability Analysis Laboratory (RAL) occupies 3,000 ft2 and has the 
following special facilities: 
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1. Complete microsection facility 

2. Metallurgical microscopes 

3. Optical interferometer for thin-film measurements 

4. Microphotographic equipment 

Special electrical tes^ equipment for testing microelec- 
tronics circuitry 

■  .. ■ ■ 

Air-abrasive and high-speed cutting cools  for module 
analysis 

7. X-ray equipmenL 

8. Low-high temperature probes for analyzing in-circuit de- 
vice performance 

9. Microprobing station for electrically contacting individ- 
ual components within an IC. 

Automatic semiconductor testers with magnetic-tape data storage are available 
for obtaining st&tistical data on parameter variances. Also available is an IR 
microscope for sensing temperatures of a device without physical contact. In 
addition, the following equipment is available for identification of unknown 
materials and characterization of various cganic substances such as encapsu- 
lants, adhesives, and conformal coatings: 

1. 2,500- to 40,000-nm Infrared Dual Beam Grating Spectro- 
photometer 

2. 190- to 3,000-nm Dual Beam Grating Spectrophotometer 

3. Thin-Layer Chromatograph 

4. High-Pressure Liquid Chromatograph 

5. Theru.ogravimetric Analysis (TGA). 

A Cambridge Stereoscan Scanning Electron Microscope (S-4) with an energy 
dispersive x-ray analysis system to determine elemental content of the material 
under observation, is adjacent to the RAL. This instrument features spatial reso- 
lution down to 125 Ä with a wide range of continuously variable magnifications 
from 20X to 100,000X. The microscopes primary function is to support reliability 
and failure analysis studies in areas such as metallurgical sciences, thin-film 
and microelectronic technology. Complete and thorough analyses are made possible 
by virtue of the instrument's versatile specimen imaging modes. 

3.14.5 Dosimetry 

Chromel-alumel thermocouples welded to very thin Ti disks are used to measure 
the incident radiation dose for samples in the FX-25 electron beam. The sensor 
discs are placed directly in front of the test samples during exposure. Tempera- 
ture rise in the sensor is recorded on an oscilloscope trace photograph which is 
convertible directly to energy deposition in the calorimeter. This is related to 
deposition in the sample by means of a Monte Carlo electron transport computer 
code (ELTRAN). A total-stopping C calorimeter is also available for measuring the 
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incident electron fluence. This instrument is generally used for beam-mapping 
studies and is not considered an active dosimeter. 

CaF2 and LiF ribbon TLDs are used for ionizing radiation measurements. 
Their small size makes them a good approximation to the idealized point dosime- 
ter. Useful dose range extends from 0.01R to 6 x 10^R. The dosimeters can be 
reused after being subjected to the proper thermal annealing cycle. Dose-rate 
independence is exhibited to above 2 x 10^R/s. Their electron response is 
generally equivalent to their y response. Readout is accomplished on a Harshaw 
TLD Readout System (Model 2000). 

An organic scintillator (Pilot B), coupled to a high-I biplanar photodiode 
(ITT FW114) detector, is available for monitoring the high-intensity, short- 
duration pulse from the FX-25. The diode signal can be used to trigger elec- 
tronic testing support equipment such as an oscilloscope. 

Reverse-biased PIN diodes are used to provide an accurate time profile of 
the radiation pulse of either FXR machine. The diodes provide output I which is 
a linear function of dose-rate with the PIN junction operating fully depleted. 
Bias levels of 250 and 1,000 V are used to maintain the necessary depleted con- 
dition. Diodes of 3 complementary sensitivities are presently used: 

1. Quantrad 100-250-BG  2.2 x 10~7 A/rad(Si)/s 

2. Quantrad 0Ö4-250-BG  8.9 x 10"9 A/rad(Si)/s 

3. Unitrode UM 7202 B   6.6 x 10_1° A/rad(Si)/s 

The detector output signal is calibrated with TLDs to establish a signal V 
versus radiation-dose relationship. 

A 1.2-Ci Co-60 (receipt date 3/16/72) source is located in the Radioactive 
Materials Handling Room. The source will accept samples of cylindrical shapes of 
up to 2 in. dia. It is calibrated at regular intervals with an NBS-certificd 
Ionization Chamber R-Meter, and is used as a calibration source for dosimeters 
such as thermoluminescent materials and personnel monitors. 

3.14.6 Computational Facilities 

Raytheon has in house and available to the 5/V section two major computing 
facilities plus several smaller facilities. A Univac 1108 and CDC 6700 are oper- 
ational at the Raytheon Bedford Laboratories with remote service available at 
Sudbury. In addition, the Sudbury remote terminal services an outside CDC 6700, 
Univac 1108, and IBM 360. 

All of the major software programs prrsently bein3 used in the industry are 
available at Raytheon: 

1. DAFFER II: a photon deposition program which includes the 
effects of fluorescence and scattering in both the for- 
ward and reverse direction 
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2. ELTRAN: A Monte Carlo code which computes electron trans- 
port of a single or multienergetic electron spectrum 
incident upon a target consisting of up to 20 different 
material slabs 

3. WONDY: A 1-dimensional shock propagation code which solves 
the finite difference analogs to the Lagrangian equations 
of notion 

4. PUFF V-EP: A hydrodynamic code used to predict the char- 
acteristics of 1-dimensional shock pulses associated with 
the absorption of photons by materials, or with the im- 
pacts of flyer plates on the surface of materials. 

i 

There are 3 transient aralysis programs currently being used by the S/V sec- 
tion to predict circuit and system response and to provide correlation between 
laboratory test results and predicted responses. These programs are CIRCUS, 
SCEPTRE, and TRAC. All 3 programs perform essentially the same task of analyzing 
the response of an electronic circuit to an arbitrary forcing function with the 
additional capability of determining the operation of the circuit in an ionizing 
radiation environment. Lach program has its own peculiarities, and for any par- 
ticular analysis one of the programs is generally more desirable than the others. 

3.14.7 Procedural Information 

For further information contact: 

Raytheon Equipment Development Laboratory 
528 Boston Post Road 
Sudbury, MA 01776 
Attn: H.L. Flescher or R.N. Diette 
Telephone: (617) 443-9521, Ext. 2531 or 2319 

A lead time of 1 month is desired (and often required) for scheduling. 

Cost and charges fc; facility rental are subject to fluctuation. Request for 
facility rental and cost information should be directed to the attention of R.N. 
Diette and inquiries related to analysis or study programs to the attention of 
H.L. Flescher. 

Shipments should be directed to: 

Raytheon Equipment Development Laboratory 
528 Boston Post Road 
Sucbury, MA 01776 
Location 1K5 

3.14.8 Applicability and Availability 

The Raytheon FXR facility provides transient radiation environment simulation 
applicable to TREE experiments. The facility is available to experimenters on a 
noninterference basis with Raytheon internal programs. The S/V group maintains a 
technically oriented professional staff for support and consultation. 
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The laboratory is located on Route 20 in Sudbury, Massachusetts, and is 
within an hour's drive from Boston, with overnight accommodations close by. 
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3.15 GENERAL ELECTRIC FX-25 
ELECTRON-BEAM GENERATOR 

The General Electric (GE) Radiation Effects Laboratory, Valley Forge, in- 
cludes an IPC FX-25 FXR machine, equipments for electron and bremsstrahlung oper- 
ation, and dosimetry and data recovery instrumentation. Figure 3-216 is a layout 
of the FX-25 laboratory facility. 

5CAH: 

1. ENTRY DOOR TO RADIATION AREA 

2 DOSIMETRY STATION (PERSONNEL) 

3. OFFICE 

J, DOSII .ETRY a FAILURE ANALYSIS AREA 

5. CONTROL CONSOLE (FX-25) 

t. RF SCREEN ROOM/ IN STRUMENTAT ION AREA 

7. HIGH VOLTAGE TEST SET 

8. STORAGE AREA 

9. HIGH RADIATION AREA 
3 LAP WOS:-' 9ENCHES 

10. FLASH X-RAY MACHINE (FX   25) 
D   - DESKS 

it. 200 KVP X   RAY MACHINE 
S ^TORAf.E CABINETS 

12. SHIELD DOORS 
TABLES 

13. ELECTRICAL PULSING AREA 
CONCPFTE RADIATION 
SHIELS 

14. MAINTENANCE AND SETUP AREA 

I 

Figure 3-216. GE FX-25 laboratory layout. 

3.15.1 Operating Characteristics 

Maximum electron energy is 2.4 MeV. Equipments and procedures are available 
for electronics and materials single-dose exposures of 1 krad to 20 Mrad. Brems- 
si. rah lung exposures of up to 3,500 rad(Si) are obtained on small samples. Nominal 
operating characteristics of the FX-25 are as follows: 

1. Charging V 

2. Maximum electron-beam energy 

3. Tube I (typical) 

4. Total energy/pulse 

5. Maximum electron flux 

6. Minimum electron flux 
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3.6 (4.0 max.) MV 

2.5 MV at 3.3 MV charging V 

20,000 A 

1,200 J 
2 

100/cal/cm 

0.4 krad(Si) 



7. X-ray dose (22 ± 5 ns, FVHM) 

a.  Total dose at surface of tube 

b  Dose rate at surface of tube 

c. Total dose at 30 cm from tube 

d. Dose rate at 30 cm from tube 

8. Pulse repetition rate 

9. Trigger jitter 

10. Firing V 

3,200 rad(Si) 

1.25 x IC11 radyä^/s 

40 rad(Si) 

2 x 109 rad(Si)/s 

2 min 

5 ns 

2.4 to 4.0 MV 

These data are not definitive and are meant only to be used as a guide. 

Sections 3.13 and 3.14 contain data on FX-25s at other locations. 

3.15.2 Electron-Beam Mode 

A 6-in. dia. drift tube with controllable vacuum is used for beam shaping, 
beam transport, and experiment mounting. The beam is annular at the FET trans- 
mission anode, pinches to the geometric center line at 5 cm, and then diverges 
at high vacuum. Under controlled vacuum conditions, the optimum beam transport 
conditions give the longitudinal fluence map shown in Figure 3-217. Figure 3-218 
shows beam dia. foi various peak fluence requirements. Aperturing and scattering 
foils stay be used to further tailor the beam. Figure 3-219 presents the electron- 
mode pulse shape. The electron-beam spectrum has been measured using a 180-degree 
fixed-field magnetic spectrometer. Data are shown in Figure 3-220. Figure 3-221 
presents one set of measured depth-dose datp, Calculated depth-dose plots for 
various operating conditions are also available for Al and other materials. 

Pulse reprocrjcibili ty and predictability are withi« the limits of dosimetry 
techniques under hith vacuum conditions. When drift-tube vacuum and gas mix are 
controlled to tailor the dose, their repeatability affects the electror fluence. 
Diagnostics are used to monitor each pulse. Shot-to-shot jitter is better than 5 
ns. 

A summary of the FX-25 electron-beam diagnostics available for electron expo- 
sures is as follows: 

1. Calorimeters 

a. 16-chip C array 

b. Depth-dose foil array 

c. Al disk/thermocouples 

2. Current 

3. Pulse shape 

Rogowski coil 

Scintillator photodxode 
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Figure 3-220, Electron energy spectrum of 
GE FX-25 unit. 
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Figure 3-221. Measured depth-dose data. 
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4. Dosimetry 

a. Powder, rod, disk TLDs 

b. Radiation sensitive paper 

c. Blue cellophane. 

The FX-25 is inherently a quiet machine. To minimize noise and sample ef- 
fects, a Faraday rage is used for complete experiment containment. This cage 
surrounas the exposure volume and utilises triaxial cables to an RF screen room. 
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3.15.3 X-Ray Mode 

The x-ray dose for a 3.6-MV charging voltage, 3/8-in. cathode, 15-mil Ta 
anode, and ac gap of 2.8 cm is shown in Figure 3-222. Dose detail is available 
for other operating conditions. 

The x-ray pulse waveform shown in Figure 3-223 is for a 3.6-MV firing V, 
These data were obtained with a pilot-B scintillator/TTT ?W114 photodiode combi- 
nation detector and a Tektronix 519 oscilloscope. IPC calculations for a 3.6-MV 
charging V are presented in Figure 3-224. 

The FX-25 is consistent in its output as to pulse shape intensity, and shot- 
to-shot jitter. Dose repeatability is better than TLD measurement precision, 
although slightly dependent upon different operator's charging rates. 

3.15.4. Support Capabilities 

The Radiation Effects Laboratory will support tests with minimal to full 
service, as required by the user, both in test planning and test conduct. Staff 
will operate the FX-25 and dosimetry, and is available for assistance in other 
areas of testing, as required. 

A 7-ft by 10-ft Lundgren double-shilded screen room is available, with cab- 
ling to the exposure area. Considerable electronics are available for use by 
prior arrangement. In tie transient data recovery area, this includes single- 
and dual-beam oscilloscopes of 33- to 1,000-MHz bandwidth capability and cameras. 
Also, 2 Tektronix digitizer data channels are available. General test equipment 
available includes current probes, voltmeters, power supplies, pulse generators, 
and disciete device testers. Specialized equipment includes remote-controlled 
sample positioners, line drivers, lead shielding, and RF-shieldsd sample boxes. 

The principal dosimetr. method used is TLD with an Isotopes Model 7100B 
reader, and a wide range or dosimeter shapes and phosphors. Calibration is done 
on site utilizing Cc-60 sources. 

A combined effects chamber is available for pulsed electrcn-beam and x-ray 
exposures. This chamber has in-situ optical measurement capability, rotating 
multiple sample holder, fast pump down (10"' torr attainable vacuum), hot ann 
cold temperature control, and electrical feedthroughs. 

Shop facilities, setup 
provided upon request. 

areas, and data reduction/conference areas can be 

3-5 5.5 Procedural Information 

Administrative and technical inquiries for facility rental or contracted 
testing should be directed to: 
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Figure 3-222. FX-25 x-ray dose map. 
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Figure 3-223.    Pulse shape, x-ray mode. 
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Figure 3-224. FX-25 bremsstrahluno spectrum. 

Space Division 
General Electric Company 
P.O. Box 8555 
Philadelphia, PA 19101 
Atta: J.C. Peden 
Telephone: (215) 962-2000 

Cost and charges tor facility use ©ay be obtained from Mr. Gene Tyrell, Tech- 
nology Marketing Manager, t.fc the above address. His telephone number is 
(215) 962-2787. Shipments should be directed £f>: 

Space Division 
General Electric Company 
CCF8 Building 
Third Avenue 
King of Prussia, PA 19406 
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3.16 ROME AIR DEVELOPMENT CENTER FXR FACILITY 

3.16.1 Electron-Beam Mode 

The Rome Air Development Center (RADC) FXR facility get.arates, in the 
electron-beam tnde, 200 A at 2.0 MeV through a l-cm2 exit window for 20 ns. 
Total beam energy is 800 J. Repetition rate is 1 shot per 4 min. Maximum dose 
rate at window is 4 x 10^ rad(Si)/s. Dosimetry used is TLD and PIN diodes 
calibrated versus TLDs. TuD  standard deviation is 5% and accuracy is ±15%. 

3.16.2 X-Ray Mode 

Dose at target is 3,000 rad(Si). Dose at 30 cm is 50 rad(Si). The 1/r2 

relation holds into about 10 cm. Beam size at target is approximately 2.5 in. 
(FWHM). Divergence is approximately 29 degrees (FWHM frum beam center line) 
Maximum dose rate is 1.5 
rad(Si)/s at 30 cm. 

Ly I'J   degrees irwtin rrum Deam center line;. 
101* rad(Si}/s at the target and 1.5 x 108 

3.16.3 Support Capabilities 

An FXR operator and dosimetrician are available for test support. 

Minimum cable length is  50 ft. 

Two to four oscilloscope channels are avai1able. 

3.16.4 Procedural Information 

For further information regarding use of the RADC FXR facility, contact: 

RADC/ESR, Stop 30 (Bldg. 1126) 
Hanscom AFB, MA 01731 
Attn: Lester F, Lowe 
Telephone:  (617) 861-3445 
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3.17 CASINO 

3.17.1 Operating Characteristics 

The DNA CASINO facility is currently being changed and upgraded at the Naval 
Ordnance Laboratory (NOL), White Oak, Maryland. It is an FXR facility designed 
to generate pulses of electrons which may be used directly for materials research 
or converted to bremsstrahlung radiation. An outline of the CASINO simulator is 
shown in Figure 3-225. Basically, CASINO is 4 machines operating in synchroniza- 
tion to produce 4 electron pulses. These electron pulses are magnetically guided 
into a common converter box where part of their energy is converted into brems- 
strahlung photons. Each of the 4 CASINO modules consists of 4 major parts: 
1) one-half of a Marx tank, (2) a water-dielectric pulse-forming line, (3) a 

field-emission diode, and (4) a transport system for guiding the electrons to 
the converter. Each of the 2 Marx tanks serves 2 water pulse-forming lines, and 
is capable of generating V up to 4 MV. After the pulse is shaped in the water 
pulse-forming lines, the energy is delivered to the diode. From there, the 1-MV, 
1-MA electron beam is delivered to the beam guidance system which drifts the 
electron beam to the converter box. The converter box is rectangular in shape 
and is irradiated at each end with 2 electron beams. The resulting bremsstrahlung 
radiation is emitted from the top and bottom of the converter box, where the 
test object(s) is located. In the electron mode, the converter is removed and 
the p-.'*seat design calls for the 4 beams to be magnetically turned upward. The 
electron-beam FWHM pulse width is about 60 ns. Figure 3-226 shows the CASINO 
photodiode output (Reference 1). 

The extensive amounts of transient information required to properly operate 
aud extract experimental data from the CASINO simulator made the use of conven- 
tional oscilloscopes and cameras impractica^ as the prime instrumentation system. 
Taking advantage of recent milestone advances in transient analog-to-digital 
(A/D) conversion, in particular the Tektronix 7912 transient digitizer, and the 

Figure 3-225. Outline of CASINO simulator. 
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Figure 3-226. Typical CASINO photodiode 
output time history. 

versatility and power of the modern minicomputer, a completely computerized 
instrumentation system has been designed, built, and programmed for the CASINO 
facility. The system not only gathers and processes data needed to operate and 
assess the performance of the simulator but it also provides numerous channels 
for the experimenter's use covering u frequency range from 0 to 500 MHz. A simple 
programming method allows fhe experimenter to do limited processing on his data 
or to store it on tape for processing at a later time. The CASINO data system is 
basically a computer, computer peripherals, and 3 types of A/D converters. There 
are 2 Digital Equipment Corporation (DEC) PDP 11/40 computers, 1 for the facility 
or machine data system, and 1 for the user system. The two systems together com- 
prise tha CASINO instrumentation system and share software and peripherals. How- 
ever, the system has been organized to allow the use:'s system to be operated in 
a more limited capacity independent of the facility system. Sophisticated soft- 
ware, dealing with the acquisition and analysis of single transient software, 
completes the essential features of this relatively unique instrumentation 
system. 

3.17.2 Supporting Facilities 

An abbreviated main floor plan of the CASINO facility is shown in Figure 
3-227. This figure highlights those features that are of particular interest to 
the prospective user. 

3.17.2.1 Exposure Cell 

The radiation exposure cell measures 19 ft wide by 36 ft long and has a ceil- 
ing height of 20 ft. Although much of this space is required by the water lines, 
vacuum pumps, coils, and supporting structures, the user should find more than 
adequate usable space above and below the converter and in the floor area, shown 
shaded. Beneath the converter, at floor level, there is a 5-ft by 6-ft seismic 
block for mounting fixtures and experiments which are sensitive to movement, or 
which must be held fixed at some particular coordinates. The roof of the test 
cell and the outside wall are removable if the need arises to place objects which 
cannot fit through the test cell door. The cell area is completely air-condi- 
tioned and is equipped with an adequate supply of ac power outlets. The cell 
forms an RF shield ac well as a radiation shield; the RF enclosure is primarily 
to minimise tha RF noise escaping from the room. Six 6-in. conduits ruu from the 
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vicinity of the target to a point adjacent to the user instrumentation enclosure 
and another 2 conduits terminate in the trailer area. These conduits are dedi- 
cated to cable runs for aer experiments. Two large trenches are also available 
for routing cables into ;he exposure cell. 

3.17.2.2 User Data (Instrumentation) Room 

The. user instrumentation room is located adjacent to the exposure cell and 
may be occupied during testing. The room is an all-steel, all-welded RF enclosure 
which has a shielding effectiveness of at least 120 db for electric fields from 
1 kHz to 100 MHz, and plane wave fields from 400 MHz to 10 GHs. Attenuation to 
magnetic fields ranges from 70 db ?t 1 kHz to about 14 db at 60 Hz. Tht. user data 
room is partitioned into 2 sections; the smaller section measures 20 ft by 15 ft, 
and the larger section is 25 ft by 15 ft. The saaller section is committed to 
the digital instrumentation system; the larger is generally available to the 
user for his own instruments and those analog channels furnished by the facility. 
The user data room is powered by a motor generator (MG) set which is primarily 
used to smootb power-line variations. The room is dc- and RF-isolated from both 
the MG and house power. RF line filters are on every power line entering the en- 
closure. The room may be completely isolated from ground by 0.5 Mohm or connected 
to its own grounding system. Air-conditioning is forced under the computer-type 
flooring to help cool equipment racks. 

3.17.2.3 Trailer Area 

CASINO can conveniently accommodate 2 Nevada Test Site (NTS) type 50-ft by 
10-ft trailers adjacent to the exposure vault. Commercial power of 5Ü kW is 
available for each trailer and 150-kW diesel-generated power is available as 
well. The trailer area also has provisions for air-conditioning, heat exhaust, 
and cable conduits into the test cell. 

3.17.2.4 Miscellaneous Facilities 

In the office laboratory area of the facility there are 2 user laboratories 
which measure approximately 20 ft by 14 ft and a supporting 10-ft by 14-ft office 
for each. These areas hav easy access to the main floor and can serve as assem- 
bly areas tar fairly large experiments. A 12-ft by 14-ft vault is also available 
for lock-up of classified hardware. A small darkroom and a microcircuits labora- 
tory equipped with 2 clean benches also may be used by facility users. A 20-ton 
bridge crane spans the high bay area to service the machine, blockhouse, and 
experimenter'8 needs. 

3.17.3. Procedural Information 

For further information, direct inquiries to: 

D.L. Kenyon 
Naval Surface Weapon Center 
Bldg. 132 
White Oak, Silver Spring, MD 20910 
Telephone: (301) 395-1878 

3-278 

wmm 



3.17.4 Reference 

1. Chivins,ton, E.P, D.M. Clement, C.E. Wuller, and P.J. Madle, "Investigations 
of Nonlinearities and Multiple Exposure Anomalies of Shielded Cables at 
CASINO," TRW Defense and Space Systems Group, Redondo Beach, California, 
IEEE Transactions on Nuclear Science,  Vol. NS-25, No. 3, June 1978. 
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3.IS GAMBLE 

3.18.1 Operating Characteristics 

The Gamble II Pulse Generator is currently being changed and upgraded. It is 
designed to deliver 60 kj of electrical energy into a 0.6-ohm load with 20 nH of 
series inductance within a time interval of 50 ns. The peak V across the 0.6-ohm 
load is 1 MV. The generator (with an addition to the tapered transformer) may 
have a capability of delivering up to 200 kJ into a zero-inductance 0.25-ohm load 
in 50 n<5, again with a peak V of 1 MV. The latter possibility will depend on the 
V breakdown data concerning water, remaining applicable up to 10-MV levels; hold- 
ing of breakdown up to 8 MV by the poiyurethane diaphragm and Marx generator; 
and the development of command-triggered switches operating at 8 to 10 MV. All 
of these are possible and expected. 

The generator consists of the following major components operating in the 
manner indicated: (1) a Marx generator charges a watex-dielectric coaxial inter- 
mediate storage capacitor in 1.2 us? (2) the intermediate capacitor transfers 
its charge through an overvoltaged water switch to the pulse-forming line in 180 
ns; (3) the pulse-forming line launches a 50-ns I pulse through a second over- 
voltaged water switch into the high-impedance input of a water-dielectric tapered 
coaxial-line transformer; (4) the transformer propagates the 50-ns pulse and 
delivers it at a lower impedance to the beam tube; (5) the beam tube accelerates 
electrons across the anode-cathode ga;^ and permits conversion of a part of the 
electron energy into bremsstrahlung radiation, which is transmitted through a 
window to the test area. 

3.18.2 Procedural Information 

For further information, direct inquiries to: 

Mr. Vitkovitsky or Mr. John D. Shipman 
Naval Research Laboratories 
Plasma Research Laboratories (Code 6700.1) 
Washington, D.C. 20375 
Telephone:  (202) 7S7-2610 
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SECTION 4 

LINEAR ACCELERATORS 

4.1 INTRODUCTION 

An electron LINAC produces a well defined beam of electrons. For irradiation 
studies, the electron beam can be used directly or can be converted to brems- 
strahlung x-rays or neutron/y radiation. LINACs are widely used as a pulsed ra- 
diation source in TREE studies because of their variable pulse length, intensity, 
and particle energy. 

Some characteristics common to all LINACs and important to TREE studies are: 

1. Peak I is achieved at energies near the center of the en- 
ergy range, and it approaches zero at the upper limit 

2. Minimum beam dia. (affecting peak dose rates and maximum 
sample size) are in the range of 0.5 to 2 cm at the beam 
exit window 

3. A minimum nonzero operational-beam energy exists 

4. Through the use of the direct-electron beam, dose rates 
11 

above 10~x rad/s can be obtained 

5. At many facilities, the pulse width and dose rate may be 
independently varied over a wide range without changing 
sample position or test configuration 

6. Single or multiple pulses are normally available upon com- 
mand 

7. Short rise- and fall-time pulses are normal operational 
characteristics 

8. Pulse width is in the range of 0.01 to 20 ys 

9. The bremsstrahlung dose rate obtained will be at least a 
factor of 100 less than the direct-electron dose rate. 

The major disadvantage in using a LINAC is the restriction imposed on sample 
size when the electron beam is used directly. Other significant disadvantages are 
associated with the obtainable dose rates and pulse width range. 

Figure 4-1 is a copy of the form sent to the individual organizations with 
LINAC facilities requesting information for this handbook. 
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I. Electron Mode, Environment 

A. Dose as a function of distance and position (mapping) 

B. Dose rate versus distance and position (mapping) 

C. Output waveform versus time for various beam characteristics 

D. Beam geometry (area, divergence, dia. at window, etc.) 

E. Electron-energy spectrum versus time and position for various beam 
characteristics (e.g., as function of voltage and pulse width) 

F. Repetition rate, duty cycle, and pulse reproducibility/predictability 

G. Limits on pulse width as functions of repetition rate and total energy 

H. Conditions for maximum power operation (beam energy, pulse width, 
repetition rate, peak currsnt) 

I. Diagnostic techniques used in environment measurements 

J. Discussion of errors in environment measurements 

K. Electrical noise (experimental configuration dependent) 

II. Bremsstrahlung Mode, Environment 

A. Target material and filters 

B. Dose mapping 

C. Dose-rate mapping 

D. Output waveform versus time for various beam characteristics 

E. Photon-energy spectrum versus time and position for various beam 
characteristics 

F. Repetition rate, duty cycle, and pulse reproducibility/predictability 

G. Limits on pulse width as functions of repetition rate and total energy 

H. Conditions for maximum power operation (beam enargy, pulse width, 
repetition rate, peak current) 

I. Diagnostic techniques used in environment measurements 

J. Discussion of errors in environment measurements 

K. Electrical noise (experimental-configuration dependent) 

III. Support Capabilities 

A. Professional and nonprofessional technical support staff 

B. Screen room 

C. General electronics available; power, cabling, and minimum cabling 
requirements 

Figure 4-1. Dsts requested from organizations with LINAC facilities. 



IV. 

D. Timing Signaii, 

E. Dosimetry available (active and/or passive) 

F. Calculational capabilities 

G. Shop support 

H. Experiment preparation laboratories available 

I. Target-room description (beam-port arrangements, etc. 

J. Photographic equipment and materials. 

Procedural Information 

A. Contact (technical and nontechnical) 

B. Scheduling 

C. Cost information if available and/or releasable 

D. Shipping address 

Figure 4-1.    (continued). 

4-3 



4.2    IRT CORPORATION LINAC 

4.2.1 Characteristics 

The IRT Electron-Linear-Accelerator Laboratory has 2 L-band LINACs. The first 
LINAC ha3 1 accelerating section and operates in the energy range of i to 25 MeV. 
Pulse width can be varied from 10 ns to 8 ps. At maximum efficiency, beam en- 
ergy is 12.5 MeV and peak beam I is 1 A. Peak beam I is 10A for pulse widths less 
than 100 ns. For pulse widths greater than 100 ns, peak I of 1 A may be obtained. 

The second LINAC has 2 accelerating sections and operates in the energy range 
of 4 to 50 MeV. At maximum efficiency, beam energy is 25 MeV and peak beam I is 
750 mA. Pulse width car be varied from 10 ns to 6 ps. 

4.2.2 Test Parameters 

Operating characteristics of the 1-section LINAC 

1. Microwave frequency 

2. Number of accelerating sections 

3. Energy range 

4. Beam energy at maximum efficiency 

5. Peak beam I at maximum efficiency 

6. Rated average power 

a. At 5 MeV 

b. At 10 MeV 

c. At 12.5 MeV 

d. At 15 MeV 

e. At 20 MeV 

7. Maximum peak beam I 

a. For pulses of 0.1 ys and longer 

b. For pulses of 100 ns and less 

8. Beam pulse width 

9. Pulse repetition rates/s 

a. At 8.0 ps 

b. At 4.5 ps 

c. At 2.5 ps 

d. At 0.5 ps and shorter 

10. Energy spec trim, AE/E (FWHM) 

are as follows 

1,300 MHz 

1 

1 to 25 MeV 

12.5 MeV 

1.0 A 

1.8 kW 

6.5 kW 

10 kW 

9.7 kW 

6.5 kW 

1.0 A 

10 A 

0.01 to 8 ps 

Single pulse 

Single pulse to 180 

Single pulse to 360 

Single pulse to 720 

SIX 
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Operating characteristics of the 2-section LINAC are as follow-.: 

1. Microwave frequency 

2. Number of accelerating sections 

3. Energy range 

4. Beam energy at maximum efficiency 

5. Peak beam I at maximum efficiency 

6. Rated average power 

a. At 10 MeV 

b. At 20 MeV 

c. At 30 MeV 

d. At 40 MeV 

7. Maximum peak beam I (cell pulse widths) 

8. Beam pulse width 

9. Pulse repetition r?tes/s 

a. At 6 ys 

b. At 2.5 ys 

c. At 0.5 ys and shorter 

10. Energy spectrum, AE/E (FWHM) 

1,300 MHz 

2 

4 to 50 MeV 

25 MeV 

750 mA 

2 kW 

12 kW 

12 kW 

9 kW 

750 mA 

0.01 to 6 ys 

Single pulse to 180 

Single pulse to 360 

Single pulse to 720 

^3Z 

The electron-beam loading factor is 12.5 MeV/A. Pulse shape is generally rec- 
tangular, with distorticn related to experimental port and beam energy reso- 
lution. Single pulses can be delivered at any pulse width within the nominal 
pulse-width range. Beam-spot dia. is cypically in the range of 0.2 to 1.0 cm. The 
shape of the spot can be made round or elliptical through the use of quadrupole 
focusing lenses. Extra large spot sizes can be produced by scattering from a 
foil. 

Environment output characteristic data are given in Table 4-1. Beam mappings 
of typical experiment configurations are shown in Figures 4-2 through 4-5. 

Electron, x-ray, and neutron dosimetry measurements are made using standard 
Co glass, fission foils, ionization chambers, TLD, and calorimetric donimetry 
techniques. 

Typically, RF electrical noise of a few mV may be expected approximately 1.5 
to 2 ys prior to the radiation pulse. 

4.2.3 Support Capabilities 

The IRT staff associated with the LINAC facility consists of nuclear physi- 
cists, chemists, and engineers competent in all phase« of TREE exp<rimentation. 
IRT can provide guidance in the preparation of experimental programs, or can 
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Table 4-1. Environment output characteristics. 

Mode 

LINAC Configuration Values 

One-Section Two-Section 

Electron-Beam Mode 

Dose at 1 ft, rad(air)/pulse 

Dose rate at 1 ft, rad(air)/s 

X-ray Mode 

Dose at 1 ft, rad(air)/pulse 

Dose rate at 1 ft, rad(air)/s 

Neutron Mode 

Yield, n/pulse 

Maximum yield rate, n/s 

Sustained yield rate, n/s 

Energy resolution AE/E (full width) 

>106 

•1012 

200 

•108 

•5 x 109 

•5 x 1015 

J-5 x 1010 

.rlO6 

•1011 

100 

•109 

10" 

10" 

10" 

a 

Notes: 

1. Data are not definitive and are meant to be used only as a 
guide. 

2. Spectral data typically are for photo-fission spactra. 
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handle programs in their entirety. The operational staff will operate the accel- 
erators and provide engineering and technician support and assistance to the ex- 
perimenter, as appropriate. 

Some electronic equipment, light machine shop tools, a variety of operating 
timing signals, limited on-site office space, and experiment preparation labora- 
tories are available. Arrangements may be made to use the IRT Corporation photo- 
graphic laboratory. Film for Polaroid scope cameras is readily availaole. A 
screen room is not available and, generally, is not required even for recording 
low-level signals. 

IRT does not routinely include dosimetry services. Available by special ar- 
rangement are Co glass, cinemoid film, standard TLD, S pellets, and calorimetric 
dosimetry. IRT can provide technical assistance in making dosimetry measurements. 

The LINAC beam can be extracted at 15 different target positions distributed 
among 6 independent irra Nation cells. This arrangement permits beam usage by a 
large number of researches Programs are conducted with due consideration given 
to the incompatibilities oetween experiments. Neutron experiments, which gener- 
ally result in target and room activation, are confined to 1 of 2 separate cells. 
A high resolution port is provided for low-background work. 

A significant feature of the facility is that personnel may occupy certain 
areas while radiation experiments are being conducted in other areas. This per- 
mits set up of elaborate experiments without the need to shut down the facility. 
Tables and associated test equipment are provided, but specialized equipment must 
either be provided by the experimenter or fabricated at the facility. 

4.2.4 Procedural Information 

Inquiries related to the use of the LINAC facility or its cost should be di- 
rected to: 

IRT Corporation 
P.O. Eox 80817 
San Diego, CA 92138 
Attn: D.E. Willis (714) 453-1693 or 

J.W. Harrity (714) 565-7171 

Shipments should be addressed to: 

IRT Corporation 
10955 John .'ay Hopkins Drive 
San Diego, CA 92112 
Attn: J.W. Harrity or D.E. Willis 

4.2.5 Applicability and Availability 

The IRT LINACs are applicable to, and readily available for, TREE experi- 
mentation. The accelerators are operated and maintained on a 24-hr basis with 
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experimental research utilizing approximately 2,000 hr during a calendar year. 
The facility is located north of San Diego, California. 

4.2.6 Reference 

1. Adcock, D.R., et al., "The General Atomic Electron Linear Accelerators," Gulf 
General Atomic Report, May 22, 1967. 
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4.3 NRL LINAC 

4.3.1 Characteristics 

The NRL LINAC is a 3-section, S-band accelerator which operates in the energy 
range of 5 to 65 MeV. At maximum efficiency, the beam energy is M MeV and the 
peak beam I is 0.5 A. Pulse width can be varied from 0.03 to 1.4 ys. Operating 
characteristics of the NRL LINAC are as follows: 

1. Microwave frequency 

2. Number of accelerating sections 

3. Energy range 

4. Maximum efficiency operation 

a. Beam energy 

b. Peak beam I 

c. Rated average power 

5. Beam pulse width (FWHM) 

6. Pulse repetition rates/s 

7. Average beam I 

a. Port 1 

b. Port 2 

c. Port 3 

d. Port 4 

8. Energy spread, AE/E 

9. Transient mode operation 

a. Beam energy (average) 

b. Peak beam I 

c. Beam pulse width (FWHM) 

2,858 MHz 

3 

5 to 65 MeV 

42 MeV 

0.5 A 

8 kW 

0.03 to 1.4 ys 

5, 15, 30, 60, 180, 360 

250 JJA 

100 yA (maximum) 

100 yA 

100 yA 

0.4 to 10Z 

30 MeV 

2 A 

50 ns 

An improvement program is now under way that will increase the I in the transient 
mode to 6 A in late 1978. The energy spread (item 8) is sensitive to beam energy 
and I. 

4.3.2 Test Parameters 

Electron-beam loading characteristics are given in Figure 4-6. Energies below 
5 MeV are nearly impossible to obtain, and at 5 to 7 MeV unanalyzed beam I are 
limited to 100 to 200 MA peak. Because the energy spread of the raw beam may be 
as large as 15 to 20Z (FWHM), deflection and collimation of the beam reduces the 
available I. 

The pulse shape for longer pulses (0.5 to 1.4 ys) in beam 1 are approxi- 
ily rectangular. As the pulse length is reduced, the shape is more triangular. 
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Unanolyzed beam 

-in. diameter colhmator 
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Peak Beam Curre.it, m A 

500 

Figure 4-6. Beam loading characteristics. 

Pulses appearing in beams 3 and 4 are somewhat less regular in shape due to the 
energy-time relationship within the duration of the puls«. Best rise time 
achieved on short pulses is 14 ns, although this could be improved with suffi- 
cient demand. On single pulse exposures, pulse amplitude predictability of ±5% 
is typical; sith «l«rk I background radiation less Chan O.SZ for a single 4 x 
10* rad(Si) pulse. 

Environment characteristics of the NRL LINAC are as follows: 

1. Electrons 

a. Peak I (50-ns pulse) 2 A 

b. Peak I (1.4-ys pulse) 0.5 A 
3 

2. X-rays (10 cm from converter plate)    1 x 10 rad(Si)/pulse 

3. Neutrons 1 x 10* 1-MeV equivalent 
(neutron/cm2)/pulse 
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The value of item 3 was measured 11.5 cm from the center of the target and behind 
a 4-in. Pb yray shield. 

4.3.3 Electron-Beam Geometry and Energy Spread 

Beam-spot dia. is typically in the range of 0.2 to 1.0 cm. The shape of the 
spot can be made round or elliptical through the use of quadrupole focusing 
lenses. Extra large spot sizes can be produced by scattering from a foil. Beam 
energy width, AE/E (FWHM), of the raw beam is 10% at 38 MeV and 1.0% at 56 MeV 
for the equilibrium mode. The energy width of deflected beams is adjustable by 
means of slits in the magnetic analysis system. The transient mode featuring high 
peak I cf short duration would exhibit a FWHM of 20 to 30%. 

A compact target of water-cooled Ta plates is available for neutron irradia- 
tions. To emphasize fast neutrons, a minimum of water is used. Three to 4 in. of 
Pb is employed co reduce y contamination. Preliminary spectral measurements in- 
dicate a broad peak at about 1 MeV, with a differential flux of about 7 x 1012 
neutrons/cm^/coulomb of LINAC beam at a point 90 degrees to the beam direc- 
tion, 11 cm from the center of the target. Gamma contamination at this point is 
about 4 x 10^ rad(Si) per coulomb of LINAC beam. A coulomb of 42-MeV elec- 
trons is collected in about 6 hr (see Reference 4). 

Electron-beam I measurements are mad?, in 2 ways. One of these consists of an 
I transformer through which the electron beam passes just before emerging from 
the water-cooled exit window. The second involves Faraday cup techniques, em- 
ployed after the beam ha« emerged through the window. Both give results having 
errors less than ±5% (see Reference 5). Absorbed dose measurements are made 
using TLDs and reverse-biased Si diodes. These are calibrated against an absolute 
Si calorimeter (Reference 6) or a Co-60 source. 

Neutron intensity measurements are available using S disks that give neu- 
trons/cm? for energies above 3 MeV. Neutron spectrum information is also avail- 
able. Oose measurements for neutrons are made using Li" and Li' enriched TLDs 
(Li6F2, Li

7F2). 

For the dose measurements involving use of the reverse-biased Si diode, dig- 
ital readout is available, which gives total integrated dose for each pulse. 

The electrical noise within the LINAC laboratory space can be separated into 
noise synchronous or not synchronous with LINAC radiation pulse. Each of these 
categories can be subdivided into radiated noise and conducted noise. The most 
significant source for nonsynchronous noise is that associated with the Si con- 
trolled rectifiers (SCRs) used in the waveguide cooling system for the LINAC. The 
conducted component appears as several "gliches" of about 4-V amplitude and 50- 
us duration appearing on the 115-Vac service lines. 

The typical radiated component is such that a signal having a maximum ampli- 
tude of 3 mV peak-to-peak and a characteristic frequency of 4 kHz lasting for 5 
ms is induced in a 60-ft length of semi-flexible, l/2-in.-dia. coax cable with 
the cable terminated at its input end with 50 ohms. The predominant source of 
noise synchronous with the LINAC radiation pulse is that associated with the 
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klystron modulators. The conducted component appears on the 115-Vac service lines 
with a maximum amplitude of 5 V peak-to-peak, with an average frequency of about 
1.5 MHz and lasting for 20 ]is. 

The radiated component (measured within Room 101) will induce a signal in an 
inductive loop 5 in. in dia. and terminated in 50 ohms, having a maximum ampli- 
tude of 15 mV with a frequency of 14 MHz and lasting for 10 ys. 

By various means, periodic improvements in all of these noise levels have 
been made and will continue to be made. 

4.3.4 Support Capabilities 

The primary function of the NRL LINAC is to investigate those problems in- 
volving the interaction of high-energy radiation with matter in which the Navy 
has an inherent interest. Groups with similar problems are welcome to use the fa- 
cility and usually can be accommodated in a manner convenient to all concerned. 

The services of a complete operational and technical support staff are avail- 
able. The staff includes dosimetry and instrumentation technicians, as well as 
accelerator operators and professional supervisors. The LINAC professional staff 
is oriented primarily toward applied nuclear physics research. In addition, many 
other workers at NRL are involved in TREE activities. A member of the NRL profes- 
sional staff serves as coordinator of the TREE interests. 

Electronic equipment includes an assortment of modular plug-in components 
normally found in a nuclear physics laboratory and several dual-beam oscillo- 
scopes (Tektronix models 7044, 551, and 555). It is recommended that anyone con- 
templating use of this facility check to see if specific electronic equipment 
required is available. 

A variety of timing and trigger signals are available to the experimenter. 
The prime signal is a 5-V trigger pulse either synchronous with, or preceding, 
the LINAC pulse. This trigger pulse has a rise time of 0.2 ys and a pulse width 
(FWHM) of 2 Ms, The timing pulse system is improved by the installation of 
standard logic circuits. A preset sealer is included in the LINAC auxiliary cir- 
cuitry that permits the selection of the number of pulses to be used for the ir- 
radiation. This number can be preset for anything from a single pulse to 999,999. 

A screen room is not available. 

Dosimetry is available for all radiations produced at the NRL LINAC. 
4-2 indicates the several kinds of dosimetry used. 

Table 

Computational facilities are available. These include electronic desk calcu- 
lators, tin on-line computer for experimentalists (Varian 6201), and a time-shar- 
ing terminal, all in the same building as the LINAC. Located a short distance 
(0.1 ai) from LINAC is the research computation facility of NRL. Limited shop fa- 
cilities are located in the NRL LINAC building. Various other shops within NRL 
may be used by special arrangement. 
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Table 4-2. Types of dosimetry used. 

Radiation or Particle Dosimetry Method 

Electrons 

X-rays 

Neutrons 

CaF2 (TLPs) 
Reverse-biased diode3 

CaF2 (TLDs) 
Reverse-biased diode3 

Si calorimeter 

Li?F2 (TLDS) 
Li6F2 (TLDs) 

aDigital readout available with reverse-biased 
diode. 

Experiment preparation areas and office space are limited. Photographic 
equipment is not readily available at the NRL LINAC Laboratory. Photographic ser- 
vices of NRL can be provided for by special arrangement. 

A floor plan of the NRL LINAC Laboratory is shown in Figure 4-7. The LINAC 
beam can be extracted at 5 different beam ports. Experiment floor space is at a 
premium. If the user requires more than 6 to 8 ft in length along the beam axis, 
a special setup may be required. The main unanalyzed electron beam is extracted 
at Ports 1 and 2. Bremsstrahlung is generally produced at Port 3. Lower intensity 
or selected energy electron beams are available at the remaining ports. A rapid 
transfer system for the insertion and retrieval of samples for activation expo- 
sure has its termination in beam 4 (10 cm in front of a water-cooled bremsstrah- 
lung target containing 20 foils of 10-mil Ta). An x-ray intensity of about 10? 
rad/min is available here for routine activation experiments. 

Closed-circuit television is   available for checking the beam spot position 
and shape or for observing experiment apparatus. If the user requires frequent 
changes to apparatus inside the experimental area- consideration should be given 
to providing remote control of such apparatus. 

4.3.5 Procedural Information 

Inquiries related to the use of the NRL LINAC or costs and charges for its 
use should be directed to: 

Dr. Bruce J. Faraday or 
Mr. Robert M. Farr 
Code 6620 
Naval Research Laboratory 
Washington, D.C. 20375 
Telephone: (202) 767-3116 or 767-3938 
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Shipments should be addressed to: 

U.S. Naval Research Laboratory LINAC 
Building 75 
4555 Overlook Avenue, S.W. 
Washington, D.C. 20375 

4.3.6 Applicability and Availability 

NRL maintains an active interest in TREE technology, and the LINAC is avail- 
able and amenable to TREE experiments. The staff is actively working on pertinent 
radiation problems and is willing to provide facility support to TREE experiment- 
ers. In response to increased interest in TREE research, NRL encourages inquiries 
from outsiders about use of its facility. The laboratory is located just south of 
Washington, D.C. 

4.3.7 References 

1. "USNRL LINAC: Characteristics and Safety Procedures," unpublished report 
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5. Murray, K. and C. Guenzer, "An Absolute Measurement of Dose Rate from Baer- 
getic Electron Beams," accepted for publication, RSI, 1978. 
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4.4    BREL LINAC 

4.4.1 Characteristics 

The Boeing Radiation Effects Laboratory (BREL) LINAC is a 3-section, S-band 
accelerator which operates in the energy range of 3 to 33 MeV. By utilizing only 
2 accelerating sections, operations can be conducted in the energy range of 1 to 
17 MeV. At maximum efficiency in the 33-MeV configuration, beam energy is 16.5 
MeV and peak beam I is 0.7 A. Pulse width can be smoothly varied from 0.04 to 6 
ps. For the 17-MeV configuration, the corresponding values are 8.5 MeV, 1.6 A, 
and 0.03 to 6 ys. 

4.4.2 Test Parameters 

Operating characteristics of the BREL LINAC for the 17- and 33-MeV operating 
configurations are given in Table 4-3. Beam-loading characteristics are given in 
Figure 4-8. Characteristic pulse shapes, as obtained from Tektronix 519 oscillo- 
scope traces, are given in Figure 4-9. Repetition rates are given in Table 4-3. 
Single pulses can be delivered for any pulse width within the normal pulse-width 
range. Pulse reproducibility and predictability data are available upon request. 
Duty cycle is 0.1%. 

4.4.3 Electron-Beam Geometry and Energy Spread 

Electron-beam geometry and energy spread for the BREL LINAC are as follows: 

1. Beam divergence s\  milliradian 

2. Beam-spot dia. 0.1 to 2 cm 

3. Beam energy width, &E (FWHM) 0.3 MeV 
(Pulse width >0.25 ys for 1 to 17 MeV) 
(Pulse width >0.50 ys for 3 to 33 MeV) 

The shape of the spot can be made round or elliptical through the use of quadru- 
pole focusing lenses. Extra large spot sizes can be produced by scattering from a 
foil. 

Environment output characteristic data as obtained ar^ given in Table 4-4 and 
Figures 4-10 through 4-14. 

TLD dosimetry is used for field maps and routine experimental dosimetry. Boe- 
ing's TLD system is calibrated with a 3,000-Ci in air Co source. The system accu- 
racy is estimated at ±15Z. A guide to the general spectral distributions to be 
expected is shown in Figure 4-15. These spectra were calculated using ETRAN, a 
Monte Carlo computer program designed to compute the transport of electrons and 
photons through extended media. The spectra shown for 10, 20, and 30 MeV are not 
the "on-axis" spectra, but rather the "integrated overall angles" spectra. Lim- 
ited angular spectral data exist; however, because of the long computer run times 
involved, it is suggested that the data shown in Figure 4-15 be used as a guide. 
If more precise spectral data are needed, an ETRAN calculation can be performed 
for the specific experimental geometry involved. 

fie 
I 
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Table 4-3. BREL LINAC operating characteristics. 

Parameter 

LINAC Configuration 

17 MeV 33 MeV 

Microwave Frequency 2,856 MHz 2,856 MHz 

Number of Accelerating Sections 2 3 

Energy Range 1 to 17 MeV 3 to 33 MeV 

Electron Energy at Maximum Power 8.5 MeV 16.5 MeV 

Rated Average Power 4 kW at 1 MeV 
10 kW at 4 MeV 
14.5 kW at 8.5 MeV 
10 kW at 13 MeV 
4 kW at 16 MeV 

4 kW at 3 MeV 
10 kW at 10 MeV 
12 kW at 16.5 MeV 
10 kW at 23 MeV 
4 kW at 30 MeV 

Maximum Efficiency Operation 
Beam Energy 
Peak Beam I 
Rated Average Power 
Beam Pulse Width (FWHM) 

8.5 MeV 
1.6 A 
14.5 kW 
0.03 to 6 ps 

16.5 MeV 
0.7 A 
12 kW 
0.05 to 6 us 

Pulse Repetition Rates/s 
At 6-us Pulse Length 
At 1-us Pulse Length 

1, 7.5, 15, 30, 60, 120 
Continuously variable to 550 

Maxiimm Deliverable Peak Ia 

Pulse Width (FWHM) > 0.25 us 
Pulse Width (FWHM C.03 to 0.05 us 
Pulse Width (FWHM) > 0.5 \is 
Pulse Width (FWHM) 0.05 ps 

1.2 A 
2.5 A 

1.2 A 
2.5 A 

aAnalyzed beam delivered to output win; 
accelerating section. 

tow >r30 ft from end of last 
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Figure 4-9. BREL LINAC electron-beam pulse shapes. 
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10 MeV, 20 MeV AND 30 MeV ELECTRONS 

TARGET * b.9 jcm 2 W 

FILTER « 6.7 g-cm 2 Al 

30 

ENERGY {McVI 

Figure 4-15. BREL LINAC bremsstrahlung. 

The neutron fluence map of Che permanent-damage test fixture (Figure 4-12) 
was made with S pellets, which when properly calibrated provide a measure of the 
fluence of neutrons with energy >3 MeV. The data are commonly corrected to in- 
dicate the fluer.ce of neutrons with E > 0.010 keV by applying an experimentally 
measured Pu/S ratio of 25. This ratio, while higher than the ratio for a prompt 
critical reactor (s&), is consistent with the experimentally measured differen- 
tial neutron spectrum described below. 

The neutron spectrum was measured in the rotating irradiation test facility 
by exposing and counting 18 different fission and activation foils. The measured 
activities were used as an input, with a trial input spectrum, into an iterative 
computerized spectr-jm unfolding code, SAND-II. After 21 iterations, the program 
converged to a soluti'in to within 13Z, i.e., the rms deviation of measured activ- 
ities to calculated activities for the spectrum shown was 13Z. Figure 4-13 also 
shows the trial input spectrvm and compares the photoneutron spectrum to a prompt 
critical reactor, in this case Godiva. 

Well shielded signal cables are used to eliminate ground-loop and spurious 
noises. Quantitative electrical noiae data are available upon request. 
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4.4.4 Support Capabilities 

BREL will provide support to experiments as required. Complete or partial ex- 
perimental programs can be carried out by BREL alone or any degree of help can be 
supplied. The services of a complete operational and technical support staff are 
available on either a full-time or consulting basis. This staff includes dosime- 
try and instrumentation technicians, as well as machine operators» The profes- 
sional staff of the Radiation Physics Group, which numbers more than 30 engineers 
and physicists, is exclusively engaged in radiation effects and environmental 
simulation programs. The staff is competent in TREE activities. 

Electronic equipment available for experimental use includes dual-beam 500- 
MHz oscilloscopes, pulsers, and power supplies. General-purpose test equipment is 
available from the Boeing test equipment stores. Test equipment requirements 
should be coordinated with BREL at least 2 weeks in advance of testing. 

Signal and power cables are provided. Instrument power includes 12 Vac, 220 
Vac, and 440 Vac. Triggering signals responding to machine command signals are 
readily available. An arrangement of fixed delays makes possible a wide range of 
trigger timing signals. No screen room ic associated specifically with the BREL 
LINAC. Signal conduit connecting the test area with the data acquisition and 
read-out room contain cables of the triaxial and low-noise type. Care is taken to 
eliminate ground-loop and other spurious noise sources. 

The BREL staff will conduct or lend assistance in dosimetry measurements. 
Bremsstrahlung and elactron-beam dosimetry and beam mapping are generally done 
with LiF TLDs. BREL maintains a complete dosimetry laboratory for specialized 
problems. The experimenter has the option of performing his own dosimetry, if de- 
sired. Arrangements can be made for use of the Boeing computer center. There are 
complete machine shop facilities capable of constructing experiment apparatus. 

A 20- x 30-ft bay adjoining the FXR instrumentation room is available for ex- 
perimenter use and there is additional floor space in the LINAC area. Office 
space and conference room facilities are limited. BREI, maintains a complete pho- 
tographic laboratory with a full complement of equipment. Oscilloscope cameras 
and film and two 4x5 view cameras with complete accessories are readily avail- 
able. 

Experiments are conducted at the beam ports to which the beam is directed by 
a series of deflecting magnets. Ample floor space and spacious test areas are as- 
sociated with the beam-port positions. Test stands and other support equipment 
are provided. 

4.4.5 Procedural Information 

Technical inquiries should be directed to: 

The Boeing Aerospace Company 
Research and Engineering Division 
P.O. Box 3999 
Seattle, WA 98124 
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Attention:  Boeing Radiation Effects Laboratory 
E.M. Costello 
Mail Stop 2R-00 

Telephone:  (206) 655-2954 

Administrate re inquiries should be directed to: 

The Boeing Aerospace Company 
Research and Engineering Division 
P.O. Box 3999 
Seattle, WA 98124 
Attention:  H.M. Kilborn 

Organization 21143 
Mail Stop 8C-26 

Telephone:  (206) 773-3449 

Scheduling is arranged on an individual basis through the BREL technical con- 
tact. It is expected that only nominal lead times will be required. 

Costs and charges associated with use of the BREL LINAC facility may be ob- 
tained directly from the BREL administrative contact. 

The shipping address is: 

Boeing Radiation Effects Laboratory 
1420 South Trenton Street 
Building 15-10 
Seattle, WA 98108 

4.4.6 Reference 

1. "Boeing Radiation Effects Laboratory," descriptive brochure, available from 
BREL. 
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4.5    MO LINAC 

4.5.1 Characteristics 

The LINAC of the Nuclear Weapon Effects Branch (NWEB), Army Missile Test and 
Evaluation, is a 2-section, S-band accelerator which operates in the energy range 
of 2 to 48 MeV. Pulse width can be varied from 0.01 to 10 \is. 

4.5.2 Test Parameters 

As with all LINACs, the electron I available over the entire energy range is 
not constant, being a maximum near the center of the range and approaching zero 
at the upper limit. The maximum also varies with pulse width. The pulse is essen- 
tially square with typical LINAC characteristics. The klystron pulse width is 
constant at 12 ps. Beam pulse width is determined by the electron-injection 
pulse. For pulses in the ns range, the pulse approaches a triangular shape (see 
Figures 4-16 and 4-17). 

Repetition rate is 10, 20, 30, 60, or 120 pulses/s. Single pulses can be de- 
livered for any pulse width within the normal pulse-width range. Duty ratio is a 
maximum of 0.12%. 

Electron-beam loading characteristics are given in Figure 4-18. Beam dia. at 
the exit port is approximately 2 mm and increases with distance from the port. 
Extra large spot sizes can be produced by scattering from a plate. A qualitative 
estimate of the beam geometry can be obtained by examining the radial dependence 
of electron dose rate as given in Figure 4-19. Typical energy spread can be seen 
in Figures 4-21 and 4-22. Curves of electron and x-ray exposure rate as a func- 
tion of distances from the beam window-bremsstrahlung target are given in Figures 
4-19 and 4-20. These data were obtained from photodiode measurements with the 
LINAC operating &t an energy of 26 MeV and a beam I of 500 mA. The exposure mea- 
surements were made in 1966 and agree well with theoretical calculations. 

Measurements have been made of the electron-beam energy spectrum using a mag- 
netic spectrometer. Results for 2 different operating energies are given in Fig- 
ures 4-21 and 4-22. 

Normal operating procedure for the LINAC is to adjust the machine to deliver 
the desired dose at a given test position as determined from dositaetry measure- 
ments. The experiment is then conducted at that machine adjustment. Dosimetry 
measurements are made with TLD techniques. Beam-locating anil survey measurements 
are made using CaF chips, and a calibrated diode is extensively used, in conjunc- 
tion with the Waveform Processing System. It is expected that normal dosimetry 
errors are associated with the measurements. 

A screen room can be utilize-!, and care is taken to ensure proper shielding 
of test signal cables. 

■- 

4-30 



I his figure is part of a revised writeup to be published. 
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Figure 4-18. Beam loading characteristics. 
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4.5.3 Support Capabilities 

The prime mission of the facility is to support experimenters «id, when 
available, to provide necessary personnel and equipment for full operational and 
working assistance. Facility personnel operate the LINAC. The limited profes- 
sional staff, enhanced by scientific and engineering personnel from university 
and college faculties, is available in support of all experimental programs. 

Instrumentation trailers equipped for monitoring and recording experimental 
data are available on a contract basis. There are adequate facilities and space 
for the experimenter to utilize his own instrumentation trailers. Electronic 
equipment and support components maintained for use by experimenters are as fol- 
lows: 

Item Quantity 

FR600 Ampex magnetic tape recording and reproducing 14-channel system 
(8 channels, 300 J*  to 500 kc of direct recording; 14 channels, dc to 
40 kc of FM recording; 1-7/8 to 120 in./s tape speeds) i 

FR600 Ampex magnetic tape recording and reproducing 7-channel system 
(7 channels, 300 J" to 1 Mc, direct recording only; 15 to 120 in./s 
tape speeds) 1 

CP100 Ampex magnetic tape recording and reproducing 14-channel system 
(14 channels, 300 «/" to 250 kc of direct recording; 28 channels, dc to 
20 kc of FM recording; 1-7/8 to 60 in./s tape spaeds) 2 

1612 Visicorder oscillograph (36 channels, 120 to 5 kc; 1/10 to 160 
in./s tape speeds^ 1 

1508 Visicorder oscillograph (24 channels, 1 to 5 kc; 1/10 to 80 in./s 
tape speeds) 2 

Brush oscillograph (8 channels, dc to 120 ^) 2 

VR1500 Anpex video recorder 1 

555 Tektronix oscilloscope - L, D, 1A1, 1A2, CA, W, Z Plug-ins 14 

321 Tektronix portable oscilloscope 3 

564 Tektronix storage oscilloscope 1 

450 Dumont oscilloscope cameras 12 

C19 Tektronix oscilloscope camera 1 

200 AB Hewlett Packard audio oscillator 3 

500 Fairchild semiconductor multi-parameter tester 1 

4000 Fairchild semiconductor multi-parameter tester 

690 Fairchild semiconductor multi-parameter tester 

Kepco KS-36-30M power supply 2 

!" 
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Item (continued) 

HP 721 power supply 

HP 723A power supply 

24-ft instrumentation van, flat bed, with racks 

180 Tektronix time-ma-k generator 

181 Tektronix portable time-mark generator 

1217B General Radio pulse generator 

HP 214 pulse generator 

B7 Rutherford Electronics pulse generator 

Hewlett Packard 202A function generator 

226B Computer Measurements Corporation counter timer 

Beckman 6146 Eput and timer counter 

523 C. R. Hewlett Packard counter timer 

127 Tektronix differential preamplifier (2 channels) 

TS312-FSM-1 Hewlett Packard audio oscillator 

Tektronix 575 curve tracer, with type 175 high-current adapter 

Tektronix 576 curve tracer 

196A Hewlett Packard oscillosc ve camera 

Quantity 
(continued) 

2 

2 

2 

1 

2 

5 

1 

4 

2 

2 

5 

1 

2 

1 

4 

Dosimetry and health-physics services and support are available. The equip- 
ment and instrumentation of the dosimetry laboratory are: 

Item Quantity 

400-channel pulse-height analyzer, portable 1 

4000 channel analyzer computer based system 5 

y-ppectroscopy system using s.  3-in. x 3-in. Nal scintillation crystal 1 

Li drifted germanium (GE(Li)j detectors 5 

Automatic sample-changing, ^-counting system 1 

Automatic data printout system 1 

2-pi gac-tlow counting system 1 

LiP TLD system 1 

CaF TLD system 3 

Calibration sources Various 
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A Waveform Processing System (WPS) is used in conjunction with the LINAC. It 
is capable of acquiring and analyzing up to 10 waveforms simultaneously, using 
Tektronix R7912 transient digitizers. The data from these digitizers are fed into 
a PDP 11/35 computer, which has a 128K word memory. Additional storage for memory 
and data is provided by a dual floppy disk. The system is operated through an 
R4010 terminal using SPS basic software. A digital-processing oscilloscope is 
also attached to the system. All data analysis can be done within seconds of the 
pulse. Data can be stored on disk, or printed on a hard copy, available approxi- 
mately 1 min after the pulse. 

Light machine shop facilities are available at the site. Adequate experiment 
preparation laboratories, personnel offices, security storage, radioactive stor- 
age, radiation chemistry laboratories, and conference rooms are available at the 
site. Professional photographic support is available at the facility. Authoriza- 
tion for photographic support must be obtained from the Missile-Range Administra- 
tion, 

The NWEB LINAC beam is directed into a rectangular test cell approximately 
6-m wide, 8-m long, and 6-m high. A table for supporting test samples and equip- 
ment is located in front of the beam port. The table can be moved longitudinally 
vertically and horizontally either from inside the test cell or remotely from the 
control console. Signal cables from the test cell are strung through under-floor 
conduits to a screened instrument room. Access to the test cell is through roll- 
back shielding doors:. 

4.5.4 Procedural Information 

The LINAC is operated by the NWEB of the Army Missile Test and Evaluation 
command. Technical and administrative inquiries should be addressed to: 

Commander 
Attention:  STEWS-TE-AN (L.L. Flores) 
White Sands Missile Range 
NK 88002 

The telephone contact is Mr. L.L. Flores, (915) 678-1161/1163, 

A nominal lead time is required for scheduling. However, in adv&ace of a firm 
scheduling commitment, an experiment test plan mupt be submitted >.■>•'  approved. 

i 

Costs and charges associated with use of the NWEB LINAC and ff,cH'cy can be 
obtained directly from the technical coordinator. Shipments should be directed 
to: 

Transportation Officer 
White Sands Missile Range 
NM 88002 
Attention: Nuclear Effects Directorate 

Classified mailings and shipping addresses should be arranged for, through 
proper channels, on an as-needed basis. 
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4.5.5 Applicability and Availability 

The NWEB LINAC is one component of a laboratory whose specific mission is to 
provide facilities for use by U.S. Government agencies or their contractors to 
conduct experiments that require nuclear irradiation. The accelerator is readily 
available and amenable to TREE experiments. The laboratory has the capability for 
carrying out, on a project basis, complete or partial experimental programs. A 
full operating staff is permanently assigned to the facility, although the pro- 
fessional staff is not extensive. 

The NWEB LINAC is located within the confines of the WSMR. Operations may in- 
volve considerable commuting distance between available overnight accommodations 
and the site. Arrangements for daily transportation are to be made by the experi- 
menter. If the LINAC must be used during other than normal working hours, such 
arrangements must be made in advance. 

4.5.6 References 

1. "Characteristics of Nuclear Effects Branch Radiation Facility and Operational 
Procedures," Memorandum, Army Missile Test and Evaluation Directorate, March 
1966. 

2. "Experimenter's Guide for the Nuclear Weapon Effects Laboratory," White Sands 
Missile Range, New Mexico, September 1973. 
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4.6    EG&G LINAC 

4.6.1 Characteristics 

The LINAC at EG&G's Santa Barbara Division is a 2-section, L-band machine ca- 
pable of accelerating electron beams in the energy region of from 1 to 30 MeV. 
Beam I ranges from 0.5 to 30 A, pulse widths from 50 ps to 4.5 ps, and the rep- 
etition rate up to 360 pps. 

The LINAC is equipped with 2 identical beam transport systems, each of which 
contains 2 bending magnets and 1 quadrupole magnet. One system is located after 
the first accelerating section and permits beams with energies between 1 and 9 
MeV to be brought out to either of 2 experimental ports. The other system is lo- 
cated after the second, or high-energy accelerating section (8 to 30 MeV), and 
has experimental ports at 0, 45, and 90 degrees. The 90-degree port in each sys- 
tem is achromatic. 

The neutron time-of-flight apparatus includes a single evacuated flight path 
located at 90 degrees with respect to the electron-beam direction when it is di- 
rected into the 90-degree port. The flight path length can be varied from 12 to 
30 m to allow flexibility in maximizing the data acquisition rate versus energy 
resolution. 

The most unique feature of the LINAC is its capability to produce the 50-ps 
beam pulse, thus providing an extremely versatile tool for diagnosing radiation- 
induced, short-lived phenomena. 

4.6.2 Test Parameters 

Typical LINAC operating characteristics are as follows: 

1. Minimum electron energy 

2. Nominal electron energy 

3. Maximum electron energy 

4. Peak electron beam I at nominal energy 

a. Pulse length (4.5 Ms) 

b. Pulse length (1.0 ps) 

c. Pulse length (100 ns) 

d. Pulse length (10 ns) 

e. Pulse length (50 ps) 

5. Pulse length variation 

6. Pulse repetition rate variation 

7. External pulsing capability 

8. Pulse-height flatness 

9. Beam dia. ior 90Z I 

1 MeV 

16 to 18 MeV 

30 MeV 

0.50 A maximum 

0.70 A maximum 

2.0 A maximum 

2.0 A maximum 

30 A maximum 

50 ps to 4.5 ps 

Single to 360 pps 

Single to 360 pps 

Within ±5Z 

1 cm 
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10. Energy spread at 0.1-us pulse length 

11. Stability 

12. Gun I 

13. Gun V 

14. Average beam I 

15. Average beam power 

16. Peak dose rate (at nominal beam energy) 

a. Electron 

b. Y 

50% in 10%; 90% in 37% 

Within ±2.5% 

5 A maximum 

150 kV maximum 

485 uA maximum 

7.8 kW maximum 

20 
1.9 x 10  e/s 

6 x 10 R/s/A at 1 m 

Figures 4-23 through 4-28 show typical beam characteristics. 

4.6.3 Support Capabilities 

The LINAC is housed in a 6,000-ft^ building containing 4 major areas: (1) a 
control and data recording room, (2) an irradiation area, (3) an RF source room, 
and (4) a neutron time-of-flight facility. Figure 4-29 shows the LINAC facility 
floor plan. 
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Figure 4-23. Maximum accelerated beam I. 
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Figure 4-29. LINAC facility floor plan. 

The control and data recording room contains centralized equipment for moni- 
toring and control of all facility operations, including various electronic cir- 
cuits of the RF power supply, the accelerator, and the associated vacuum and 
cooling systems. Closed-circuit TV provides visual monitoring of the experimental 
area, and a radiation monitoring and protection system is an integral part of the 
facility. 

In addition to the equipment for machine control and operation, numerous 
items of equipment are available for use by the experimenter. These include 
pulse-height analyzers, sealers, I integrators, power supplies, oscilloscopes, 
electromagnets, numerous modules of nuclear counting equipment, etc. 

Approximately 15 ft of clear space is available around each experimental port 
for use by the experimenter. A large Faraday cup and a 12 slit assembly is pro- 
vided for beam energy measurements. A bridge crane is available for handling 
heavy items. 

Available to those using the LINAC is the Santa Barbara Division scientific 
staff whose members are experienced in the fields of accelerator design end oper- 
ation, neutron time-of-flight measurement, nuclear spectroscopy, radiation chem- 
istry, radiobiology, dosimetry, radiation detector research and development, and 
instrumentation design. 

The neutron counting room provides sufficient space for a variety of detector 
types and configurations. A detector made up of a 2-in.-dia. by 2.5-in.-long NE- 
213 fluor coupled to a 56 AVP photomultiplier is provided for fast-neutron 

IfeJ 
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detection. Time-to-pulse-height converters and associated equipment are also 
available. This apparatus, coupled with the 50-ps LINAC beam, provides a unique 
tool for high-resolution neutron time-of-flight measurements. This capability is 
directly applicable to the measurement of neutron scattering cress sections and 
to the study of complex shields such as those used for reactors in space applica- 
tions. 

4.6.4 Procedural Information 

Experimenters interested in using the facility should allow approximately 6 
weeks for scheduling and processing of applications. Additional technical infor- 
mation, schedules, and applications for DoE approval are available by contacting: 

EG&G, Inc. 
130 Robin Kill Road 
Goleta, CA 93017 
Telephone:  (805) 968-0456 

*.6.5 Applicability and Availability 

The LINAC, located at EG&G's laboratories in Santa Barbara, California, is 
available for public use on research programs sponsored by the U.S. Government. 
All applications for facility use require DoE approval. Experimental time on the 
machine is scheduled on a non-interference basis with DoE Nevada Operations Of- 
fice programs. 

i 
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4.7    AFRRI  LINAC FACILITY 

4.7.1 Characteristics 

The AFRRI LINAC is a Varian Model V-7725 electron LINAC installed in the late 
1960's. It is a medium-enargy, high-I, traveling-wave accelerator which operates 
in the S-band at an RF frequency of 2,856 MHz. Two modes of operation are avail- 
able: (1) Mode 'A', a moderate-energy (13 to 20 MeV) mode using 4 short acceler- 
ating sections, and (2) Mode 'B', a high-energy (20 to 45 MeV) mode in which 2 
additional long sections are utilized. Important operational parameters for these 
2 modes are listed in Table 4-5. 

Conversion of the electron beam to photons is accomplished via Ta bremsstrah- 
lung converters. Typically 11.8 g/cm^ Ta thickness is used in an air-cooled 
configuration for low-energy operation, and in a water-cooled configuration for 
high-energy operation. 

4.7.2 Support Capabilities 

The exposure room (22 x 30 ft) has a single-beam entry port. Some cabling is 
provided from the exposure room to the investigator's readout *-oom; additional 
cabling can be installed by the user. Timing signals can be provided upon re- 
quest. 

Support activities, such as dosimetry and health physics, are available with 
prior schaduling and coordination. The dosimetry normally furnished utilizes ion- 
ization chambers and TLDs. 

4.7.3 Test Parameters 

AFRRI LINAC specifications are listed in Table 4-5. 

4.7.4 Procedural Information 

More information can be obtained by contacting Head, Accelerator Branch (tel- 
ephone 202/295-1096), or Chi»f Engineering Technician (202/295-1288). Typically, 
1 to 2 months of lead time is needed tc schedule an experiment. The cost for 
LINAC use is $155.00/hr, which includes dosimetry. Normal working hours are 0700 
to 1600, but these may be extended by prior arrangement. 

Address all correspondence to: 

AFRRI 
Building 42, NNMC 
Bethesdd, MD 20014 
Attention: Accelerator Branch 
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4,8 ROME AIR DEVELOPMENT CENTER LINAC 

4.8.1 Test Parameters 

Test parameters of the Rome Air Development Center (RADC) LINAC in the elec- 
tron mode are as follows (with d = distance from window in cm, x = distance off 
beam center line in cm): 

,  n   ~ 1-3 x 1012 -14(x/d)1,5 rad(Si)  ,. . ... 1. Dose -  e —  (d > 15) 
,2 ampere-s 

2. Dose rate . Ll^J^l  e"^(x/d)
1-S rad/s_   > 

.2 ampere 

3. Beam dia. at window = 1 cm 

4. Beam divergence (hslf-dose line) - ±7.5 degrees from 
beam center line 

5. Repetition rate = single pulse to 180 pulses/s (maximum 
duty cycle ■ 10~3) 

6. Pulse widths: 10, 20, 50, 100, 500 ns; 1, 2, and 4.3 ys 

7. Maximum peak power: 10 MeV, 100-ns pulse at 2 A 

8. Dosimetry: 

a. TLD, CaF2: Mn-teflon disks - standard deviation ■ 
5%, accuracy ■ ±15% 

b. Faraday cup, I accuracy ■ ±3Z 

c. Calorimetry, accuracy ■ ±3%. 

TesL parameters in the bremsstrahlung mode are: 

1. Tungsten or Al targets 

2. Maximum dose rate = 5 x 10s rad(Si.)/s at 10 MeV, 2 
A, and 100-ns pulse width 

3. Repetition rate = 180 pulses/s (maximum duty cycle ™ 
10-3) 

4. Dosimetry 

a. TLD, CaF2: Mn-teflon disks - standard deviation ■ 
5X, accuracy ■ ±15% 

b. Calorimetry, accuracy ■ ±3Z 

c. PIN diodes (calibrated versus TLDs which in turn were 
calibrated versus standardised Co-60 aource). 
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4.8.2 Support Capabilities 

Support capabilities include: 

1. LINAC operator and dosimetrician. 

2. Patch panels in control and target areas. Also, direct ca- 
bling capability (minimum length, 65 ft), and 6 to 10 os- 
cilloscope channels. 

3. Two-port output, straight through and 30 degrees. Target 
room dimensions are 12 x 12 x 42 ft. 

4.8.3 Procedural Information 

For furtht - information, contact: 

RADC/ESR Stop 30 (Bldg. 1127) 
Hanscom AFB, MA 01731 
Attention:  Lester F. Lowe 
Telephone:  (617) 861-3445 
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4.9 OGDEN AIR LOGISTICS COMMAND LINAC 

4.9.1 Characteristics 

The Ogden Air Logistics Command (ALC) LINAC facility is located at the Little 
Mountain Test Annex (LMTA) of Hill Air Force Base. The LINAC is a 2-section, L- 
band accelerator operating in the energy range from 10 to 25 MeV. At maximum ef- 
ficiency, the beam energy is 17 MeV and peak beam I is 0.5 A. Pulse widths can be 
varied from 40 ns to 6 ps. 

4.9.2 Test Parameters 

Operating characteristics of the LMTA LINAC are as follows: 

1. Micrcwave frequency 

2. Number of accelerating sections 

3. Beam energy range 

4. Beam energy at maximum efficiency 

5. Peak beam I at maximum efficiency 

6. Rated average power 

7. Maximum peak beam I 

8. Beam pulse width 

9. Pulse repetition rate/s (all pulse widths) 

1,305 MHz 

2 

10 to 25 MeV 

17 MeV 

500 mA 

1 kW 

500 mA 

0.04 to 6 us 

Single pulse, 0.5, 1, 
2, 5, 10r and 20 

Electron-beam loading characteristics are shown in Figure 4-30. The pulse 
shape is basically rectangular for longer pulses (see Figure 4-31), and as the 
pulse length is reduced the shape becomes more triangular (Figure 4-32). Rise and 
fall times of the pulse are typically 15 ns. Single pulse control is available 
near the data recording console for use by the customer. In addition, an external 
sync input ( + 10 V at 1 ps) if. available for single pulse and all repetition 
rates up to 20 pps. Figure 4-3> shows typical pulse reproducibility and predict- 
ability (lO pulses (at 1 pps) superimposed). 

Beavr <:\vergence (with 0.25-in. Al diffuser) is ^5 degrees, and beam-spot 
dia. is 0.2 co 2.0 cm. The shape of the spot can be made round or elliptical by 
using focusing lenses. Larger ppot sizes may be produced by scattering with an Al 
diffuser. 

Tne LMTA LINAC electron beam can be used directly a« a radiation source, or 
converted to x-ray« by means of a breasstrahlung target (Ta). As of this writing, 
no photo-fission target is available. 
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Figure 4-30. Beam loading characteristics. 

4-53 



Ill lllMH'lllt llllllll 

nitiiiiii ii 111 

J I l_L 

r 
IIIIIIHI I II II llllllll 

tl II III II III II 

(Redrawn from scope picture) 

Figure 4-31. Radiation pulse waveform. 
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Figure 4-32. Radiation pulse waveform (short pulse). 
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Figure 4-33. Radiation pulse waveform (10 pulses). 
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Environment output characteristic data are as follows: 

1. Electron-beam mode 
10 

a. Dose rate at exit window       >2 x 10" rad(Si)/s 

2. X-ray mode 

a.  Bremsstrahlung converter       J*5 x 10° rad(Si)/s 
(0.040-in. Ta with 2-in. Al) 

3. Neutron mode No data available 

Data presented above are not definitive and are meant only to be used as a guide. 

4.9.3 Support Equipment 

Measurements of radiation can be made in several ways. The LMTA LINAC facil- 
ity has PIN diodes, TLDs, Secondary Emission Monitor (SEM), Si calorimeter, arid 
thermistor calorimeter. PIN diodes furnish active dosimetry and can be used .igain 
and again. It is recommended that the customer provide his own PIN diodes and 
calibrate them at the LMTA LINAC facility. LMTA LINAC facility PIN diodes have 
been calibrated using TLDs and have an error of less than ±20%. 

TLDs are either CaF2 or CaSO^. Both have been calibrated against a CS-137 
source (traceable to NBS) at Hill AFB. Accuracy is ±5%. Secondary Emission Mon- 
itors (SEMs) are active dosimetry (qualitative only). The secondary emission on a 
foil in a vacuum is measured. Si calorimetry is active dosimetry, read out on a 
chart recorder. Accuracy is ±10%. Thermistor calorimetry is active dosimetry, 
read out on a chart recorder also. Accuracy is ±15%. 

Electrical noise occurs starting approximately 3 us prior to the radiation 
pulse and lasting for -*& us. The frequency of this noise is >/*4 kHz. Signals 
as low as 1 mV can be recorded (see Figure 4-33) using proper noise canceling 
techniques. 

4.9.4 Support Capabilities 

All support capabilities are available to the customer at no addition?! fee. 
The staff of the LMTA LINAC consists of physicists, engineers, techr.ic; aus', and 
operators who are available to assist and/or consult with the custom«!. 

Two racks of data recording equipment and the items listed in Table 4-6 are 
availcble to the customer at no additional charge. Inquiries for specific equip- 
ment should be jjade 4 weeks in advance. The customer is required to furnish all 
film; however, Polaroid cameras are available with either roll or flatpack backs. 

Signal, power, and control cr.bles arc provided as shown in Table 4-7. These 
cables are in 4-in. metal conduits with 1 conduit dedicated to the customer for 
his own special cabling (special cabling is customer-furnished). Sync timing sig- 
nals are available at the data recording racks. These signals may be delayed from 
0 to 30 us. No screen room is used with the LMTA LINAC. Car« has been taken to 
eliminate ground loop and spurious noise sources. 
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Table 4-6. Electronic equipment, 

Item Model Manufacturer Quantity 

Oscilloscopes 
Plug-Ins 
Plug-Ins 
Plug-Ins 
Plug-Ins 
Plug-Ins 
Plug-Ins 

R7844 
7A16A 
7 Al 9 
7A24 
7A26 
7B92A 
7M13 

Tektronix 
Tektronix 
Tektronix 
Tektronix 
Tektronix 
Tektronix 
Tektronix 

2 
4 
2 
1 
5 
4 
3 

Oscilloscope 
Plug-Ins 
Plug-Ins 

183D 
1830A 
1840A 

H.P. 
H.P. 
H.P. 

2 
2 
2 

Oscilloscope 
Plug-Ins 
Plug-Ins 

R556 
Type L 
T>,>e CA 

Tektronix 
Tektronix 
Tektronix 

1 
2 
2 

Camera (Polaroid) 
Camera (Polaroid 

CS2 
C32 

Tektronix 
Tektronix 

5 
2 

Pulse Generator 
Pulse Generator 
Pulse Generator 
Function Generator 
Generator/Sweeper 

HOB 
214A 
101 
3312A 
8601A 

Sy:.tron-Donner 
H.P. 
Data Pulse 
H.P. 
H.P. 

2 
1 
1 

1 
Universal 3ridge 4260A H.P. 1 
Power Supplies 
Power Suppiies 
Power Supplies 
Power Supplies 
Current Source 
Current Probe 
Current Probe 

6200B 
6205B 
62568 
6274B 
61/7C 
6042 
CT2 

H.P. 
H.P. 
H.P. 
H.P. 
H.P. 
Tektronix 
Tektronix 

8 
4 
1 
1 
1 
1 

10 

Vector Voltmeter 
Digital Voltmeter 
Digital Multimeter 
VOM 
Sampling Voltmeter 

8405A 
4800 
3465A 
269-3 
3406A 

H.P. 
Dana Labs 
H.P. 
S irspson 
H.P 

1 
1 
2 
2          I 
1 

Measuring System (Counter) 5300B H.P. 1 
Cur c Tracer 
Digital 1C Tester 
L1ne*r Circuit Tester 
fransistor/Diode Test Set 

576 
480/B 
1730 
2610 ABGR/SCR/Z 

Tektronix 
Alma 
Gen Rad 
Mastec 

1 
1 
i 
i 
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Table 4-7. Instrument cabling. 

Type of Cable Length (ft) Type of Connector Quantity 

RG-58A/U 125 8NC Female 30 each 

RG-214A/U 125 Type N Female 10 each 

TRC50-2 (TRIAX) 125 TRIAX 10 each 

#16 Twist w/shield 125 Banana Jack Female 15 pair 

#16 Multi-Conductor 125 Banana Jack Female 20 each 

Table 4-8 shows the dosimetry available at the LMTA LINAC. TLDs and PIN di- 
odes are the most popular. The staff will conduct or assist the customer in do- 
simetry measurements, oi the customer may opt to perform his own dosimetry. 

Table 4-8.    Dosimetry available at LMTA. 

Radiation Dosimetry Method 

Direct Electrons SEM 

CaF2 (TLDs) High Dose 

CaS04 (TLDs) Low Dose 

PIN Diodes 

Si Calorimetry 

Thermistors 

X-rays CaF2 (TLDs) High Dose 

CaS04 (TLDs) Low Dose 

PIN DioJes 

Si Calorimetry 

Thermisturs 

Under supervision, an KP Model 9831A programmable calculator (basic language) 
with • Model 9866B printer and a Model 9862A plotter are available. Storage for 
customer programs is not available. 

Machine shop capabilities are limited to a ba;.d saw, dri.,1 press, sander, 
welder, break and shear (small), and hand tools. 

An electronics buildup laboratory is available to the customer. This labora- 
tory contains benches, stools, hand tools, etc. An office has been set aside for 
the customer for use as a data reduction, conference, and lounge room. 
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No provisions for photographic services have bean made as of this writing. 
However, with prior notice, arrangements can be made for the customer to take his 
own photographs. 

The test area where specimens are irradiated is >/*15 ft^. A remote-con- 
trolled tabl» is available for use on the center port of the LMTA LINAC. This ta- 
ble can be controlled on 3 axe", remotely with 12 preset positions in the lateral 
axis. 

A closed-circuit TV monitors the test cell and an intercom provides communi- 
cations to the control room area. 

4.9.5 Procedural Information 

Technical inquiries should be directed to: 

TRW DSSG, Inc. 
P.O. Box 368 
Clearfield, UT 84015 
Attention: G.G. Spehar 
Telephone:  (801) 773-1340 

Administrative inquiries should be directed to: 

Chief, Hardness Program Manager 
Ogdt ALC/MMETH 
Hill Air Force Base, UT 84406 
Telephone:  (801) 777-5651 

Scheduling is arranged on an individual, first-come-first-served basis as 
long as it doe? not interfere with 00-ALC scheduled testing. A nominal lead time 
is required since a tvst plan must be submitted and approved prior to customer 
use of the LINAC. 

Cost for use of the LMTA LINAC is on a "machine tieup" basis. Costs and 
chaiges may be obtained from the administrative contact above. 

The shipping address is: 

Little Mountain Test Annex 
12,000 West 12th Street 
Ogden, UT 84404 
Attention: LINAC Facility 

Care should be exercised that 12,000, not 1,200, West 12th is on the address 
since 1,200 West is the regional IRS facility. U.S. Postal Service is not avail- 
able at LMTA. The customer la responsible for contacting shipping agents on out- 
going shipments. 

4.9.6 Applicability and Availability 

The LMTA LINAC facility was designed specifically AS a TREE LINAC and is usu- 
ally readily available to the customer. A descriptive brochure (see Reference 1) 
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and a TREE LINAC Test/Users Guidebook (sea Reference 2) are available upon re- 
quest. 

The LMTA LINAC facility is 12 miles vest of Ogden, Utah, within easy commut- 
ing distance of overnight accommodations. 

4.9.7 References 

1. "TREE LINAC Facility," descriptive brochure of LMTA LINAC Facility. 

2. "TREE LINAC Test/Users Guidebook," pamphlet outlining customers' responsibil- 
ities, etc. for using the LMTA LINAC Facility. 
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4.10    LASL PHERMEX 

4.10.1 Characteristics 

PHERMEX is a high-I, high-energy, standing wave electron accelerator that 
provides very intense but short bursts of y rays. It consists of 3 right circu- 
lar cylindrical accelerator cavities. Each cavity is excited at 50 Mc/s. The mode 
and frequency define a cavity dia. of 4.6 m. The cavity length and minimum useful 
electric field strength were fixed at 2.6 m and 4 x 10^ V/m. An unloaded Q of 
1.3 x 10* is consistent with these values for each of the Cu-lined cavities. 
The fields are 6 x 10** V/m in the first upstream cavity, 5 x 10^ V/m in 
the second, and •+ x 10" tf/ra in the third. The corresponding stored energies 
are 1,600, 1,200, and 300 J, respectively, with a peak electron energy of about 
26 MeV. 

4.10.2 Test Parameters 

PHERMEX may be characterized by the following parameters: 

1. Beam energy 

2. Beam I at target 

3. Pulse length 

4. Radiation output (at 1 m) 

5. Radiation source dia. 

27 MeV 

30 A 

0.2 us (or 0.1 us) 

30 R (or 10 R) 

3 mm 

This operating level was attained in ibe  spring of 1966. 

Detailed data on beam divergence may be found in Reference 1. 

The mailing address is: 

Los Alamos Scientific Laboratory 
P.O. Box 1663 
Los Alamos, NM 87544 

4.10.3 Reference 

1. Venable, Douglas, et al., "PHERMEX, a Pulsed High-energy Radiographic Machine 
Emitting X-rcys," LA-3241 TID, Los Alamos Scientific Laboratory, May 15, 

1967. 
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4.11 RENSSELEAR POLYTECHNIC INSTITUTE (RPI) LINAC 

4.11.1 Characteristics 

The RPI LIHAC, in the Department of Nuclear Engineering, operates at 45 to 
80 MeV, with pulse widths from 7 ns to 4.5 ps. The I varies from 0.67 A to over 
5 A. 

4.11.2 Test Parameters 

Typical operating conditions are given in Table 4-9. Electron-beam specifica- 
tions are as follows: 

1. Electron energy 

a. Maximum 

b. Minimum 

2. Maximum electron-beam power 

a. During narrow pulse 

b. Average 

3. Maximum electron-beam I 

a. Uuiing narrow pulse 

b. Average 

4. Electron pulse width 

5- Repetition rate 

6. Electron-beam properties 

Over 80 MeV 

Below 20 MeV 

400 MW 

Over 50 kW 

Over 5 A 

Over 1.1 mA 

Variable from 7 ns to 4.5 ps 

Variable from single pulses to 720 
pp3 at pulse lengths below 1 ps; 
to 300 pps for pulse length greater 
than 1 MS. 

Over 802 of beam contained in a 2- 
cm-dia. circle.* Full angle diver- 
gence of 10"-* rad. 

Figure 4-34 shows beam intensity versus distance from the targrt, 

4.11.3 Procedural Information 

For further information, contact: 

P ' Block, Director 
v . rttner LINAC Laboratory 
NES BLDG 
Tibbits Avenue 
Rensselear Polytechnic Institute 
Department of Nuclear Engineering 
Troy, NY 12181 

*Can be focused to leas than 0.5-ca-dia. circle. 
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APPENDIX A 

LIST OF ABBREVIATIONS 

A ampere 
ac alternating current 
AFWL Air Force Weapons Laboratory 
ALC Air Logistics Command 
APRF Army Pulse Radiation Facility 

cal calorie 
Ci Curie 
cm centimeter 
CRT cathode ray ^ube 

DADS data acquisition &.id display 
system 

DAS data acquisition system 
db decibel 
dc direct current 
dia. diameter 
DNA Defense Nuclear Agency 
DoD Department of Defense 
DoE Department of Energy 

eV electron volts 

kV 
kW 

1 
LIN AC 
LLL 
LSI 

m 
MeV 
min 
mrad 
Mrad 
ms 
MSI 
MV 
MW 

n 
NBS 
nip 

ns 

kilogram 
kilovolt 
kilowatt 

length 
linear accelerator 
Lawrence Livermore Laboratory 
large-scale integration 

meter 
million electron volts 
minutes 
millirad 
megarad 
millisecond 
medium-scale integration 
megavolt 
megawatt 

neutron 
National Bureau of Standards 
nanometer 
nanosecond 

FBR fast burn reactor NWEB Nuclear Weapon Effects B 
ft feet 
FXR flash x-ray O.D. outer diameter 
FWHM full width half maximum 

PI Physics International 

g gram pps pulse per second 
G gauss ps picosecond 

PVC polyvinyl chloride 
HE high explosive PWHM pulse width half maximum 
HEPA high-efficiency particulate 

air R roentgen 
HP Hewlett Packard RF radio frequency 
hr hour rms root mean square 

I current s second 
IC integrated circuit SNG steady-state neutron 
I.D. inner diameter generator 
in. inch 
IPC Ion Physics Corporation 
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TA technical area WSMR White Sands 
TLD thermoluminescent dos^'metry wt weight 
TREE transient radiation effects 

on electronics 
w/o weight-perc 

TW terawatt Y gamma 

<t> phase 
V voltage, volt uf microfarad 
VSWR voltigt standing wave ratio Vis microsecond 

W     watt 
WPS    Waveform Processing System 
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Department of the Navy 
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DEPARTMENT OF THE AIR FOfXE 
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ATTN:   TEA, R. Conklln 
AHN:   DHE 

Air Force Geophysics Laboratory 
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Air Logistics Command 
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Rome Air Development Center 
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DEPARTMENT OF ENERGY 
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Albuquerque Operations Office 

ATTN: Document Control for WSSB 

DEPARTMENT OF ENERGY CONTRACTORS 

Lawrence Livermore Laboratory 
ATTN: Document Control for Technical 

Information Dept. 
ATTN: Document Control for P. Walker 
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Aries Research Center 
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DEPARTMENT OF DEFENSE CONTRACTORS 
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OTHER GOVERNMENT AGENCIES 
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Aerospace Industries Assoc. of America, Inc. 
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Battelle Memorial Institute 
ATTN: R. Thatcher 

ATTN 
ATTN 
ATTN 
AHN 
AHN 
AHN 
AHN 

Security Officer for 
Security Officer for 
Security Officer for 
Security Officer for 
Security Officer for 
Security Officer for 
Security Officer for 
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AHN: V. Danchenko 

NASA 
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I 

The three tables in this guide (to be inserted in the TREE Simulation Facilities 
Handbook) summarize the principal data presented in the revised Handbook 
(DNA 2432H), January 1979 edition. The tables are: 

Pulse Reactors 

Flash X-ray Machines 

Linear Accelerators 

All of the data has been furnished by the facility personnel. The numbers presented 
in the tables are mostly maximum values, except as noted otherwise. The user is 
cautioned not to attempt correlation of the data for any of the machines since the 
measurement conditions are not the same for all columns. Also, no precise correlations 
should be attempted between different machines. 



PULSE REACTOR SIMULATOR SUMMARY TABLE 

PEAK PULSE 

FACILITY 

1. Sandia Pulse Reactor 
(SPR III) 

(Kirtland AFC  NM 87115) 

2   Army Pulse Reactor Facility 
(APRF) 

(Aberdeen Provi.ig Ground, 

MD 21005) 

3. Army Fa:! Burst Reactor 

Facility (FBR) 

(White Sands Missile Range, 

NM 88002) 

4. White Sands Missile Range 
Steady State Neutron 
Generator (SNG) 
(NM 88002) 

5. Sandia Pulse Reactor (SPR II) 
(Kirtland AFB.NM87115) 

6. Lawrence Livermore, Super 
Kukla Prompt Burst Reactor 

(Mercury, NV 89023) 

7. Northrop Reactor Facility 
(Trtga Mark F) 
(Hawthorne, CA 902501 

8. Pennsylvania State University 
Brea/eale Nuclear Reactor 
(Triga Mark III) 

(University Park. PA 16802) 

9   General Atomic Triga Reactor 
Facility (Triga Mark. I) 

(Advanced Triga Prototype) 
(San Diego, CA 92138) 

19 Sandia Laboratories Annular 
Core Pulse Reactor (ACPR) 
(Kirtland AFB, NM 87115) 

11. State University ol New York 
at Buffalo Reactor 
(f>w York 142141 

12 AFRR' Reactoi Facility 
(Trig*   iark F) 

IBeiheMij MD 200141 

13 University ol Wisijnsin T-iga 
Nuclear Reactor Facility 
(Madison. Wl 52/061 

PEAK PULSE 

POWER LEVEL, 
MW 

118,000 

6,800 
150,000 

65000 

89,000 

160,000 
400.000 

1,800 

2.000 

1,100 

6.700 

29.500 

2.000 

1.800 

12.200 

MAX FLIIF.;*CE FLUX MAX GAMMA       PEAK PULSE n/i FULSE WIDTH 
n/cm2 n/cm2/s DOSE, GAMMA RATE,      RATIO, RANGE, psec        REPETITION 

(E>10keV) (E>10keV)      rads (Si)/pulse rads (Si)/s        n/cm2/-> rad (FWHM> RATE 

6x I014 8x 101 

6x 10 

10 

14 

13 

1 x 10 15 

2x IG 15 

7xl05 2.22 x 109 36x109 76   237 2 bursts h. 

3.9 x10s 24xl09 45x109 45    1,000 105 mm 

2x 104 1 x 1C 50 1 burst 

75 mm 

7x 10M 1    10" 

1.5 x 103 

6.5 > 1014 1.9 xlC13 43x105 1.6 x 104 1.4 xlO10 10.000 

2 2.x  :0'4 25 x 1013 2< ]Q6R 96 X 104 

9 7x1014 5.4 x 10'6 3.0 xlO6 6 1 x 107 3 8 x 108 

9.5 xlO14 1 4 x 10" 28x10e 4?x108 4 x 108 

3.7 xlO15 33xl06 

3 15» !0'° 2 i 10'R hr 

10.000 

15.000 

10- 10° 

I pulses/sec) 

6.6 x 109 40    150 1 bur«, 
2hr 

5x10'8 27x105 7x108 7.4 x 1Ü9 400   2,000 1 burst 

Hdy 

15.000 4bursts/hr 

16.000 10 bursts 
hr 

6,300 10 bursts 
hr 

65,000 15 bursts 
hr 

15,000 3 bursts hi 

1 3 bursts 
in 

4 pulses 
hr 

"It 

M   | 

:4,'JC Irvine Dep! of Chemistry 1.000 
Triga Reactor 
0rv.ne.CA 927171 

IS  »Vashmgion State University 2.000 
Reactor (Pullman. WA 991641 

'6 UC Tug. Mark III 1.350 

(Berkeley  CA 94/201 

17 Kansas State University 250 
Tnga Mark III 
iMarihatlan. KS 665051 

■8  Uriive.su» of Texas at Austin 
Trig« Mutt I 
(A-j$?in.TX| 

11 000 

10'6 

(E>0 2eVI 
25« 107 

12.000 

6 pulses, 
hr 

6 bursts 
hr 

4 bursts 
hr 

\ 



PULSE REACTOR SIMULATOR SUMMARY TABLE 

PEAK PULSE 

JAK PULSE        MAXFLUENCE          FLUX MAX GAMMA PEAK PULSE nil PULSE WIDTH 
n/cm2                  n/cm2/s               DOSE, GAMMA RATE, RATIO, RANGE, JJSCC        REPETITION PULSE 

(E>10keV)         (E>10keV) rads <Si)/pulse             rads (Si)/s n'cm2/> rad (FWHM) RATE            REPRODUCIBILITY 

1,000 6x 10 14 

6x 1C U 

Ix 101 1.7 xiO5 2.22 x 109 3.6 x!09 76-237 2 oursts'hr 

3.9 x 105 2.4 x 109 4.6 x109 45-1,000 105 min 12% 

WORKING 
VOLUME 

IN 

7 dia x 
20 high 

4.2 dia x 

7.8 high 

7x 10 13 2x 10" 1 x 1C 50 1 burst/ 
75 min 

+ 5% 50 x 50 x 

20 ft 

cham be 

7 x 109 1 ■ 104 10-105 

(pulses/sec) 

1 x 1015 

2x 10 15 5x 10 

1.5 x 103 

2.7 x 105 7 x 108 

22x10'4 25x1013 2x106R 96x104 

6.6 x 109 40-150 1 burst/ 
2hr 

7.4 x 109 400   2,000 1 burst/ 

day 

6.5x10'4 l.9x10'3 4.3x105 1.6x104 1.4 xiO10 10,000 

'5,000 4bursts/hr ♦10% 

1.5diax 
8 high 

18 did x 

30 high 

8 x 8 x 
10 ft 

chamber 

6.5 dia x 

36 high 

9/xlO14 5.4xl0le 30x106 6 1 x 107 3 8xl08 16,000 

9.5x1014 14x10'7 2.8 xiO6 4 2 x 108 4 x 108 6,300 

37 x 10 15 3.3 x 106 65,000 

10 bursts/ 
hr 

10 bursts' 

hr 

15 burst»' 

hr 

15". 

tb% 

1.25 dia x 
24 high 

1.25 dia x 
6 high 

9.1M x 
46 high 

3.15 x 10 10 2 x 107R/hr 15,000 ? bursts/in 6 dia x 
100 long 

10.000 13 bursts 
hr 

•2"u 

15,000 4 pulses' 
hr 

11,000 6 pulses/ 
hr 

10'6 

(E>C2eV) 

2.ÖX 107 

12.000 6 bursts/ 
hr 

4 bursts/ »3% 

6 



FLASH X RAY SIMULATOR TABLE 

FACILITY 

TOTAL BEAM PEAK ELECTRON AVERAGE PA'TICLE PEAK El ECTRON 

ENERGY PER BEAM CURRENT, ELECTRON ENERGY. ENERGY FLUENCE 

PULSE, irules amps MeV PER PULSE, csl/em2 

MAX. X-RAY     MAX. X-RAY PULSE WIDTH RANGE, ns PULSE 

INTENSITY/      DOSE RATE, REPETITION r>ULSE 

PULSE, rad (Si)      rad ISil/i ELECTRON MODE    X RAY MODE RATE     REPRODUUBILITY 

1   Febetron 705 Electron Beam 

System, Northrop, Kaman Sciences. 

Lockheed Palo Alto, EG&G 

400 5,000 1 4 25 7,000 R 20-50 20 10 ■ ! 5% 

2   F-ebetron 706 Electron Beam 

System, Lockheed, EG&G, Triangle 

Institute. W-'sttnghouse 

3, ION Physic- Core FX j5 

Electron Beam Generator 

Burl.ngton, MA 01803 

4   Boeing FX-75 Electron Beam 

Generator, Seattle, WA 98124 
400 1 8 x 104 3 x 10' 'R.-s 

5 Harry Diamond Labs 

FX-45 Electron Beam Generator 

Adelphi.MC 28783 

6 Physics International Pulserads 

San Leanilro, CA 94577 

225W 

738 

1150 

OWL II 

PITHON II 

10,000 

6,000 

40,000 

110,000 

Classified 

0.1 0.7 

0.2 0.8 

1.4 4 2 

0.3 1.0 

100 

520 

in12 

65 

oO 

60 

110 

65 

50 

60 

7   Maxwell Labs 

San Diego. CA 02123 

BLACKJACK 3 30,000 550.000 

BLACKJACK 3 Prime 30.000 

8 TRW 

Redondo Beach, CA 90278 

Vulcan FXR > 15.000 100.000 

705 Febetron 400 5,000 

9   Sandia Lübs 
Aitn,tiut?fque. NM 8/1 15 

Hermes II 

REBA 

REHYO 

10 North Carultn» Stale Umvei.ity 

Puls»-!*) Model 940 

Electron Beam Generator 

Raleiyh, NC 27650 

11 Marry Diamond Lab 

Autor* Facility 

Adelph.MD 20783 

76,000 100,000 

m.ooo 40,000 

36.000 600.000 

8.000 80.000 

2« 106 

14 beams) 
I 2 x 10b 

0.7 

I 0 

40 

20 

> 150 

140 

500 

400 

too 

60,000 \0U 

7,000 

4 x 10ft 8x1012 

1.8 x 104 26x to'2 

7 cal/gm |Aul 

25.000 R 5 6« I09R s 

I x 106 3 x 10" 

60 

60 

45 

;o 

1/5 mm 

1 mm 

50 3 hi ! 15% 

70 6'hr • 10% 

NO 1 2 hi ! 16% 

4Ü 13 mil- • 8% 

4 d.y 

12  Honeywell FX 25 Electron 

Beam Generator 

Largo. FL 33540 

25.000 38.000 19x10' 

13  Raytrieon Radiation Facility 

Sudhuiy  MAul//ti 

730/20*0 

FX25 

14  General Electric. FX 25 

Philadelphia PA 19101 

15  Rome Art Development 

Hanicom AFB MA 01731 

1.500 

1,200 20.000 

1.200 20.000 

B00 20 

IB 2x 11)8 DO 

120 3.000 1 Ox to'2 21) 

1JÜ 3 000 1 25 x 10" 22 

3 000 I 5x 10" 

.0 

72 

20 

t/ini.-i 

1/2 mm 

16 Casino 
Naval Surface Weapon» Center. 

Silver Springt. MD 20910 

17  Gamble II 

Naval Research Lab 

WaOunglon, DC 20375 

CU»nt.«o 

& 
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